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I. INTRODUCTION 



A ♦ BACKGROUND 

This t h e sis d e s c r i b e s t h © s u c c e s s f u 1 d e s i q n ? 
construction arid testing of both a fin -line Maqic-tee and 
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d e v i c 0 s o f t 1 1 e i r t y p 0 c o ri s t r « j c t © d ♦ 

T h e r e 3 r © t w o « a i n c a t © q o r i e s o f m a q i c - t e e s ? t h e 
c o n v e ri t i o n a 1 wav e q u i d © h y b r i d s > a n d t h e n © w p 1 a ri a r d e v i c © s 
C R e f * 1 $ p p ♦ 2 S 9 - 2 6 1 .‘J » T h e f :L n - 1 i n e n a q i c •••• t e e ♦ d e v e 1 o p e d i r i 
l h :i. s t h © s i s -> i s i ri t h © 1 a 1 1 © r e a t e q o r y * 

T h 0 :L 8 0 d 0 q r e e h y b T' i d > o r n a# q i c **•* t e © > i s a p a s s i v e f o u r 
p o r t d e v i c © ♦ 1 1 i s a n © s s e ri t i a 3. p a r t o f n a n y n i o r o w a v © 

e o n p o n © n t 1 :*. ♦ i n c 1 u d i ri q b a 1 a ri c e d n :i. x e r s ♦ s i i"i -a 3. © - s i d © b a n d 
n o d i j J. a t o r s ? f r © q i j e ri e y n u 1 t :i. p 1 © x e r s ♦ 3. i n © a r p h a s e s hi i f t © r s ? 

c o ri s t a r*i t i n p e d a ri c © f i 3. t © r s ♦ I F ii ( i ri s t a n t a n e o ij s f r © q u © n c y 
ri e a s u i • © i v i © i"i t ) r e c © j. v © r s * i ri t e r f © r o m © t © r s ♦ d u p 3. © x © r s a ri d 
ri o n o i-> i..i 3. s © r a d a r c o ri p a r a t o r s C*. 1 a © f * ;L t p p •> 2 5 9 - 2 6 1 a n d R © F * 

2 ♦ p p * 1 6 •••• 1 8 3 - W h :i. 3. © n a n y o f t h e s e a p p 3. i o a t i o n s u s © o n 3. y 

o n © h y b r ;i. d > n o n o p u 3. is e <3 n t © n n a s c o n t a i ri a c.' o m p 3. e >; n © F w o r k o f 

ri a i C -• 1 0 0 C O ri 9 3 r <3 1 0 T v <S -> 

M o n o p u 3 . •::> © c o m p a t % a t o r n © t w o r k <i> r 0 q u i r © © x v 3 cr t s s m m e t r y 
b © t w © © n n u n e r o u Hi s 0 c t :i. o r 1 s o f t r a ri s m 3. s s :i. o n 3 . :i. 1 i 0 s f o i' r> r o p 0 r 
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due to uneven lengths of transmission line, 



d e s t r oy t h e 



target trackinq capability of the system CRef. 311* 

Waveguide comparator n e t w o r k s . wi t h b o 1 1 e d t o q e t h e r 
flanges or soldered connections* have difficulty achieving 
these exacting lengths at millimeter-wave frequencies* This 
e f f e c t 1 i m i t s m o s t o f t h e c u r r e ri t m o n o p u 1 s e r a d a r s t o 
frequencies well below the mil lime ter -wave band CRef* 31* 

A n o t h e r 1 j. m i tv a t j. o n o f t h e wav e q u i d e h y b r i d o c c u r s 
b e c a u s e t h r e e o f t h e f o u t' p o r t s a r e o n m u t u a 1 1 y o r t h o q o n a 1 
a x e s « 1 1 i s t h i s t h r e e d i m e n s i o n a 1 s h a p e t h a t p r o d u c e s t h e 
complex waveguide retrace and intricate network of soldered 
flanges in conventional monopulse antennas CRef* Zt pp * 
10-17 and Ref* 31* 

Unlike the waveguide magic- tee* all four ports of the 
n e w h y b r i d s a r e i n t h e s a m e p 1 a n e * T h .i. s t w o d i m e ri s :i. a n a 1 
q e o m e t r y q r e a 1 1 y s i m p 1 i f i e s t h e .i. n t e r c o n n e c t i o n s b e t w e e n t h e 
numerous comparators in a monopulse antenna system* With the 
P 1 a n a r m a q i c •••• t e e s * t h e c o n f u s i n g a n d c o s 1 1 y m a z e o f 
w a v e q u i d e d i s c u s s e d a b o v e c a n b e e 1 :i. m :i. n a t e d * 

In addition to the fin- line magic- tee designed in this 
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single unit 4 This combination of fin-line horns and fin-line 



magic-tees constructed in an integrated unit* is hereafter 
called 3 fin-line monopulse system * or a fin-line monopulse 
comparator ♦ F i n - 1 i n e mo nopulse systems* operating at 
millimeter-wave frequencies* can p o t e n t i a 1 1 y be mass 
produced for a few hundred dollars each* 

B 4 RELATED WORK 

1 * Slot 1 in e Magic-Tee 

Mr* M ♦ Aik awa and Mr* H ♦ 0 g a w a L R e f ♦ T ♦ p p * 

52 3- 528] i n t reduced a si a 1 1 i n e magic-tee* The f i n - 1 i n e 
magic-tee developed in this thesis (Fig* 1) is similar to 
two o f t h e s e s 1 o 1 1 i n e h y b r i d s pi a c e d b a c k t o b a c k i n a 
waveguide f ixture * 

There are f i v e m a j o r d iff e r e ri c e s b e t wee n t h e 
f i n - 1 i ri e m a g i c - 1 e e d e v e 1 o p e d i n t h i s t h e s i s a n d t hi e s 1 o 1 1 :i. n e 
m a g i c - t e e d escrib e d i n R e f e r e n c e T * 

F i r s t * t h e f i n - 1 i n e h y b r i d i s e s s e n t i a 1 1 y t w o 
s 1 o 1 1 i n e h y b r i d s i n p 3 r s 1 1 e 1 w i t h e a ch o t h e r * T h i s 
c o r i f i g u r a t i o ri s i g n i f :i. c a n 1 1 y c h a n g e s t hi e i m p e d a n c e 
c ft a r a c t e r :i. s t i c s o f t h & c. i r cun. t * 

S o c o n d * t I i e w a v e g u i d e f i x t u r e t h a t s u r r o i j n d s t h e 
f i n •••• 1 i n e d e v i c e * c h a n g e s a 1 1 o f t ft e i m p e d a n c e s as a f u n c t i o n 
of frequency ■> 

T h i r d * t ft e < j n i < \ u e m i r o s t r i p t o c o a x i a 1 t r n s i t i o n 
i j s e d i ri t h e f i. ri - 1 ine d e vice d o e s n o t l**i v e a c o u ri t e r p r t i ri 
t ft e s 1 o 1 1 i ri e m a g i c - 1 e e * T bi e p u r p o s e o f t h i s t r a n s i t i o n :i. s> t o 
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Maintain a fairly wide bandwidth at the point where the 
Microstrip passes through the waveguide wall. 

Fourth, the slotline hybrid uses a tapered section 
to transition froM the Main loop to the coupled slot area* 
In the corresponding portion of the fin-line Magic-tee, each 
section of Microstrip Maintains a constant width up to the 
point where the two sections join* 

F i n ally, a 1 1 o f t he bends i n t h e slot s o f t h e 
fin-line Magic-tee are computer designed to keep incidental 
reflections as low as possible* 

2 ♦ Planar W aveguide Comparators 

The system descr i b e d by Syr i g o s , C r o s s 1 a n d a n d U a n 
Wyck II Ref. 311 is not related to this thesis at all, However, 
i t d o e s m e e t p a r t o f t h e o b j e c tivss o f t h i s w o r k b y 
ij t i 1 i z i n g a t o t a 1 1 y d i f f e r e n t d e s i g n and mb n u f a c t u r i n g 
concept . 

3 * Fin- Line Horn Antenna 

T h e f i n - 1 i n a h o r n a n t e ri n a w a s p e r f e c t e d b y L. C D R 
Mumtaz-u 1 --Haq II Ref. 511. Haq discovered that a substantial 
a m o u n t o f t hi e e 1 e c t r j. c fie 1 d e a n b e 1 a u n c h e d b e t w e e n t h e 
parallel fins. This undesirable effect can be successfully 
controlled by Making the horn fins half of a wavelength wide 
a n d short,! n g t h e e x p o s e d e d g e s t o g e t h e r w i 1 h c o p p e r t a p e * 
This short reflects another short across the edges of the 
f in-line slots* The reflected short seals the gap between 
t h e f i n s a n d k e e p s t hi e e 1 e c t r i c f i e 1 d :i. n t h e s 1 o t s * 
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The parallel slots leading to ports one arid two 



(Fig* 1) are separated by a quarter wavelength* Each slot 
appears 3S an open to the other slot, reflecting back a 
short a quarter of a wavelength away* The reflected short 
seals off the two slots, thereby preventing inadvertent 
coupling* This concept is a direct result of the* applied 
research performed by Haq CRef ♦ 53* 

G * PURPOSE 

The first objective of this work is to design, build and 
s u c c e s s f u 1 1 y t e s t a f i n - 1 i n e n a g i e - 1 e e a t 1 0 - G H Z ♦ T h i s 
i ri c 1 u d e s t h e d e s i g ri a ri d c o n s t r u c t i on of a s u i t a b 1 e f i x t u r e 
t o h o 1 d the i"i a q i c - t e e ♦ T h e f i n a 1 nag i c - tee i s t o b e 
i ri t e grab e d w i t h t w o f i n - 1 i ri e h o r n a n b e n n as C R e f * 53, t o f o r n 
a t w o d i n e r« sio ri a 1 f i n - 1 i n e n o ri o p u 1 s e s y s b e n ( o ri 1 y o n e 
d i f f e r e n c e c h a ri n e 1 ) * 

T h e s e c o ri d o b j e c t i v e i s t o p r o d u c e r e a s o r» a b 1 e s i j m a n d 
d i f f e r e n c e a n t e n n a p a 1 1 e r n s f r o m b h e c o n h i ri e d o n e p i. e a e 
unit* This integrated unit is intended to be the prototype 

o f a m i. 1 J. L m e b e t w a v e f i. ri - 1 i ri e n o n o p u 1 s e s y s t e n t h a t h a s b o b h 

<a z i n u b h a ri d e 1 e v a t i a ri d :i. f f e r e n c: e c i'i a n ri e 1 s * 

T hi e b h :L r d a n d n o s t i n p o r b a n b o b , i e c b i v e i b o c: o n p u t e r i. z e 
t h e d e s i g n r> r o c: e d u t % e * T h i s w i 1 1 i. ri s u t % e b h e a b i 1. i t y t o 
3 c ( 3 1 j r a t e J. j <3 ri d u i c k j. y v e p r o d ■ j c e t h e s e d e v :i. c e s a b a f u t u i' e 
date ♦ 

T hi e f i ri a 1 o b e c b i v e o f b h :i. s r e s e a r c % hi i s b o r e c o n m e n d 
p o s s i b 3. e i. m p r o v e n e n b s f o r b h e f i n - 1 i n e n <3 g i c - t e e a ri d 



•fin-line Monopulse system* Specific recon«endations for 



expending the fin-line Monopulse systeM into a three channel 
(sum channel » azinuth channel and e 1 e v a t ion c h a n ri e 1 ) 
Monopulse system are required* 



II, THEORETICAL PRINCIPLES 



The design of the f i r*i - 1 i n e n a gic-tee and mo n o p u 1 s e 
systew is based on established Microwave principles. These 
theoretical concepts are discussed in this chapter, 

A ♦ WAVEGUIDE MAGIC-TEE 

The theoretical properties of a waveguide 180 degree 
h y b r i d a re i 1 1 u s t r a t e d i n F r i g u r e s 2 a n d 3 , A n i n p u t a t a ri y 
o n e o f t h e f o u r p o r t s i s e q u a 1 1 y d i v i d e d w i t h h a 1. f o f t hi e 
P o w e r c o u p ]. :i. n g i r 1 1 o t w o o r t h o g o n a 1 p o r t s , I n p h a s e s i g ri a 1 s 
at ports one and two conhine in the H-plsne arn and cancel 
in the E~ plane ar-M, Out of phase inputs at ports one and two 
P r o d u c e t h e o p p o s :L t e r e s u 1 t s , T h e r e i is c o m p 1 e t e :i. s o 1 a t i o n 
b e t w e e ri p o r t s o n e a n d t w o a n d b e t w e e n p o r t s t h r e e a ri d f o u r , 
T hi e r e v e r s e o f t hi e s e e o n d i t i o n s :i. s a 1 s o t r u e , T h e 1 B 0 d e g r e e 
phase shift depicted in Figure 3 can occur in either 323 and 
S 3 2 a s s h o w n , o r i n S 1 3 a n d S 3 1 C R e f , 6 : p p ♦ :L 9 0 - 1 9 1 3 * 

B , M 0 N 0 P U L S E A N T E N N A S 

T h e t y p :i. e a 1 m o n o r> u 1 s e r a d a r a n t e ri n a c o n t a i n s f o u r 
:i. d e r i t i c a 1 a n t e ri ri a e .!. e m e n t s , w h i. e h a r e :i. ri t e r e o r i n e c t e «*.i w i I: hi 
three or More Magic- tees. The signals to and froM the four 
e 1 e m e n t <•> a r e a d d e d a n d s u b t r a c? t e d i r*i v xS r i. o u s •::: o m b :i. n a *t :i. o n t o 

P v o d u c e t in r e e s y s t e m p o r t s , 

All four of the antennas are sunned together in phase to 
P r o d u c e t hi e s u m c hi <•:> r*i ri e 1 ♦ T hi i. s s i g n a 1 i s c o ri ri e c.' t e d t o t h e 
r a d a r v i a <;^ T / F< ( T r ri s m i t / R e e i v e ) D e v i c e ♦ 
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The two difference channels are the radar's source of 



t a r q e t tracking i n f a r m a t i o n ♦ The e leva t i o n p o r t p r o d u c e s 1 h e 

d i. f f e r e n c e b e t w e e n t h e u p p e r a n d low e r a n t e n ri a s w h i 1 e t h e 

a z i n u t h p o r t p r a d u c e s t h e d i f f e r e n e e b e t w e e n t h e 1 e f t a n d 
r :i. 9 h t a n t © ri n a* s ♦ I f a n o n o p u 3 . s © a n t e ri n a s y s t e n :i. s p o i r 1 1 i n q 
e x <3 c 1 1 y a t a b a r q e t , t h e r e w :i. 1 1 b e a s t r (3 n q s i q ri a 3 . :i. n t h e 
s u « c h a n n e 3 . a n d a b s o 1 1 j t e 1 y ri o s> i q n a 1 i n e i t h e r t h e e 3 . e v a t :i. o n 
or azimith channels* The null in the difference channels is 
t h e r e s u 1 t o f s h i f t i n q t w o i d e n t i c a 1 s :i. q ri a 1 s :i. 8 0 d e q r e e s 
f r o \A e a c h o t h e r a n d t h e n <3 d d i n q t h e n b o g & t h e r * T h e p h a? s e 
s 1 f t a n d a d d :i. t i o ri o c c ■ j r w i t h i n t h e m a q i c - 1 e © s * 

The radar return fron a target that is slightly left of 
t h e m o n o p i j 3 . s e <3 n t e ri n a ' s e x t e ri d e d c e n t e r 1 i n e r e a e h e s b h e 
3 . e f t e 3 . e n e n t s o f t h e a ri t e ri ri a b e f o r e i t r e a c h e s t h e r i q h t 
e 3 . e m e ri t s ♦ T hi i <3 p r o d u c e s ' a s 1 i q h t p h a s e s h :L f t d i j e b o t h e 

d i f f e r e ri c e i n a r r :i. v a 3 . t i n e s a t t h e 1 e f t a n d r i q h b e J. e m e n t s •> 

C o m p 1 e t e c a n e e 1 1 a t i a n d o e s n o t o c c u r i n t hi e d i f f e r e n c e 
c h a n i"i e 1 w i t h t h i s c o n f i q u r a t i o n * 1 ‘ h e r e s u 1 1 :i. n q d i f f e r e ri c e 

s i q ri <3 1 i ri c r e a s e s j. n a i v i p 1 :L t u d e a r*i d s hi i f t s i n p hi a s e a s b h e 
t a r q e t g e t s f < 3 r 1 h e r a w a y f r o ri t h e a r’i t e n n a s e x b e n d e d c e n t e r 
3 . i n e ♦ T h e r e i s a 1 s o a 1 8 0 * d e q r e e p h a s e s h i f t i n t hi e 
d i t‘ T e r e n c e o l‘i a n r*i e 3 . a s a t a r q e t c? r o s s e s> b hi e a n t e r i r i a * a 
e x t e n d e d c e i**i t e r 3 . i i"i e C R e f « 7 t p p ♦ 1 0 - 2 9 II * 

S i i"i c e t hi e ri u 3 . 1 i ri t h e d i f f e r e ri c: e r> o r t c a ri o n 1 . y o c u r 
w i t hi e x a c t t a r q e t / a r*i b e n n a <3 1 i q r*i m e h t ? i t <.:> i q ri i t i e s t h e e x a c t 



center of both the sum and difference antenna patterns 



Therefore > a target that produces a strong return in the sum 
channel and no return in one of the difference channels is 
on a plane that bisects the two antennas which develop the 
difference signal ♦ When this inforMatiori is combined with 
range data? the target's location is 1 ini ted to an arc on 
the plane that bisects the two halves of the antenna ♦ The 
point where the elevation and azinuth arcs cross is directly 

I n f r o n t o f t h e a n t e n n a ♦ T h e 1 :L n e between t h e m o n o p u 1 s e 
a n t e ri n a a ri d this p o i n t is comm o n 1 y r e f e r r e d t o a s t h e 
b o r e s i g h t o f t h e a n t e n n a ♦ 

I f t he o u t p u t s o f t h e d i f f e r e n c e c h a n ri e 1 s a r e n o r i :i t o r e d 
w h i 1 e a t a r g e t i s w i t h i n t h e n a :i. n b e a m o f t h e s u m p a 1 t e r n ? 
t h e t a r g e t c a n b e c ]. a s s i f i e d a s e x a c 1 1 y c e ri t e r e d ? a 1 i 1 1 1 e 
left or right? a little high or low? or any combination of 
t h e s e d i r e c t i o n s ♦ 

3 k o 1 n :i. k II R e f ♦ 7 * p p * 1 0 *••• 2 8 U d © f i n e s a n a n p 1 i t u d e 

c o m p a r iso n m o ri o p u 1 s e s y s ten a s o n e t h a t c o m p a r e s t h e 
a m p 1 i t u d e o f t h e d i f f' e r e n c e c h a n n el w i t h t h e a n p 1 i t u d e o f 

I I e s u m c h a n n e 1 •> T h i s i n f o r m a t i o n i s u s e d t o d e t e r m i. ri e h o w 
f a r a t a r g e t i s a w a y f r o m t h e a n t e n ri a / s b o r e s i g h t ♦ T \ i e p h <a s e 
( + / •••• o n ]. y ) o f t h e d i f f e r e n c e s i g ri a 1 i s u s e d t o d e t e r m i. n e 
w h i e h s l d e o f b o r e s i g h t t h e t a r g e t i s o n ♦ 

T h i s t e c h n i q u e w a s i ri i t i a J. 1 y c a 1 1 e d s i n u 1 t a n e (3 u s 1 o b i ri g 
s i n c e a 1 1 o f t h e r a d L a t i o n 1 o b e s a r e s a m p 1 e d d i j r i n g e a c h a ri d 
e v e r y p 1 s e ♦ T h e a b i 1 i t y t o o b t a :i. n a e o m p 1 e t e t r a c k i. n g 



solution in only one pulse led to the current designation of 



monopulse CRef. 7 5 p. 103. 

Earlier tracking radars such as conical scanning and 
lobe switching systems required numerous radar returns to 
obtain the sane information. The accuracy of these systems 
is often degraded by pulse to pulse amplitude variations. 
Monopulse radars, which are free of this distortion, have 
achieved tracking accuracies of 0.003 degrees CRef. 7 5 P. 
103. 

Two pop u 1 a r f o r m s of a m p 1 i t u d e c o m p a riso n m o n o p u 1 s e 
antennas are illustrated in F r igures -3 and 5. 

C. THEORETICAL ANTENNA PATTERNS 

The far field effect an antenna has on the environment 
is a direct result of the current distribution across the 
f a c e o f t h e a n t e n ri a a n d c a n b e r e p r e s e n t e d m a t h e m a t i c a 1 X y 
with a specialized Fourier Transform CRef. St pp. 3-T5-369 
and Ref ♦ 9 5 pp . 170-1953. This technique is used to develop 
computer simulations of actual sum and difference patterns. 
T h e s i m u 1 a t e d p a 1 1 e r n s a r e u s e d t o i 1 1 u s t r a t e t h e 
theoretical properties of a monopulse system. 

T h e f i r s t s t e p :i. n p r e d i c t i n g a t h e o r e t i c a 1 m o n o p u 1 s e 
a n t e n n a p a 1 1 e rn i s t o o b t a i n 1 h e e 1. e m e n t pat t e r n b y t a k i n g 
the Fourier Transform of the current distribution across the 
face of one of the elements. The second step is to determine 
the array or group pattern by taking the Fourier Trans. form 
o f t h e e n t i r e a r r a y , ass u m i n g t h a t e a c h a i"i t e n n a e 1 e m e n t i s a 



delta function ♦ The final step) is to Multiply the element 



pattern with the array pattern ♦ 

A n a c t u a 1 E -pie n e ante ri n a pattern f r o m o n e o f t h e 
fin-line horns of Reference 5 is closely siMulated by adding 
2 0 % of a s i n < x ) / x p a 1 1 e r n > t o 8 0 % o f s i ri ( x ) / x s q u a r e d 
P a 1 1 e r n (Fig* 6 ) ♦ T h :i. s s i m u 1 a t :i. a ri i s u s e d a s t h e p r e d i e t e d 
e 1 e m e n t p a 1 1 e r n ♦ 

T hi e gro u p p a 1 1 e r ri is o b t a i ri e d b y t a k i n o t h e t r i v i a 1 
t r a ri s f o r m a t i o n o f t w o d e 1 1 a f u n c t i o n s ♦ T h i s r e s u ]. t s .i. n a 
cosine function for the sum pattern and a sine function for 
t h e d i f f e r e n c e p a 1 1 e r n ♦ T h e s e t h e o r e t i c a 1 q r o u p p a 1 t e r n s 
w i t h a ri e 1 e m e n t s p a c i n q o f o n e w a v e 1 e n q t hi a r e i 1 1 u s t r a t e d i n 
Figures 7 and 8* 

T h e n i.j 1 1 i p 1 i c a t i. o h o f t h e s i m u 1 a t e d e 1 e m e ri t a n d q r o u p 
P a 1 t e r n :i. s d o n e i r*i a s h o r t & a s i c p r o q r a m o n a n H F' - 9 8 *1 5 B 
0 o m p li t e r - 1* h e t h e o r e t i c a 1 s u m a n d d i f f e r e ri c e p a 1 t e r ri s 

c o m p u t e d i n t h i s p r o q r a m a r e s h o w n i n F i q u r e s 9 a ri d .1. 0 » 
r e s P e c t :i. v e 1 y * 

D , S L G T L I N E C H A R A C T E R I S T I C S 

Slot line consists of a narrow slot in a thin plating of 
m e t a 1 f o i ]. a d hi e v e d t o o n e s i d e o f a t h :i. ri 1 a y e r o f 
d :i. e 1 e c t t % i c * T h e o t h e r s :i. d e o f t h e s u p p o r t :i. n q s u b s t r a t e :i s 
v o :i. d to f m e t a 1 ♦ T h e e ]. e o t r i c f i e 3. d i s q u i d e d b e t w e e rt t h e 
e d q e s o f t hi e s 1 o t * T h e i m p e d a n c e o f t h e s 1 o t i s d i r e c t J. y 
p r o p o r t :L a ri a 1 t o t h e w i d t h o f t h e s 1 o t ♦ A d e t a :i. J. e d a n a 1 y s i s 
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of slot line properties is presented by Gupts, Gar q and BahlL 
ElRef. 10 J pp. 195-2283 . 

E. FIN -LINE CHARACTERISTICS 

The bilateral fin-line illustrated in Figure 11 has one 
straight slot on each side of the dielectric. The fin- line 
Magic -tee uses a siMilar. but More comp lex configuration 
w h i c h has t w o slots on each s i d e o f t h e d i e 1 e c t r i c . T h e 
slots in the Magic-tee have 3 Mixture of straight, angled 
and curved sections which join together in a 180 degree bend 
( F :i. g . 1 ) . 8 o t h o f t h e s e d e s i g n s a r e f o r m e d b y s u s p e ri d i n g 
d u a 1 s i d e d s 1 o 1 1 i n e i ri t h e E - p 1 a n e o f a s e e t :i. o n o f 
waveguide. As such, they are essentially shielded slot line. 
As is the case with slot line, the inpe dance of fin- '.Line is 
directly proportional to the width of the slot. The detailed 
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F. EVEN AND ODD MODES IN COUPLED SLOTS 

T w o i d e n tic a 1 a n d p a r a 1 1 e 1 s 1 o t s i n e i t h e r s 1 o 1 1 -j. n e o r 
f i n - 1 i n e a r e c o n s i d e r e d c o u p 1 e d :i. f t h e i m p e d a n c e a n d 
electrical length of one slot is effected by the proximity 
a f t h e o t h e r s 1 o t . C o u p 1 e d s 1 o t s a r e t h e k e y l o t h e 
o p e r a t i o n o f b o t Li t h e s 1 o 1 1 i r'i e m a g :i. c — t e e d :i. s e u s s e d :i. n 
R e f e r e n c e d a n d t h e f i n - 1 i n e m a g i c - 1 e e d e v e 1 o p e d i n ' , h :i. s 
thes i s . 
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phase with each other? whereas * the odd node exists when the 



two electric fields are out of phase with each other ♦ 

In the even Mode, the Magnetic fields which surround 
each slot couple together smoothly to form one continuous 
Magnetic field* In this configuration* the fields aid each 
other and produce a coupled impedance which is lower than 
the uncoupled impedance CRef* 10? p* 352]* 

As the slots are brought closer together* the coupling 
increases* This effect causes the even Mode impedance to 
decrease* In the linit when the separation between the slots 
vanishes* each slot has half of the impedance of the new 
s lot w h i c h i s t w i o e as w i d e as each o f the o r i g i n a 1 s 1 o t s * 
At the other 1 i m i t when the distance between the slots is 
i n f i n i t e * each s 1 o t r e t a i ri s its u n c o u p 1 e d c h a r a c t e r i s t i c s 
CRef* 10 J P* 355]* 

In the odd Mode* the Magnetic fields oppose each other 
a ri d d o n at j o i n t o g e t h e r s m a o t h 1 y ♦ Because o f t h i s 
o p p o s i t i o n * t h e o d d m o d e i m p e d a ri ce is h i g h e r t h a n t h e 
u h c o i j p 1 e d i m p e d a n c e ♦ A s t he t w o s 1 o t s a r e b r o u g h t c 1 o a e r 
t o g e t h e r * t h e o p p o s i t i ( j ri b e t w e e n t h e t w o m a g n e t i e f i & 1 d s a ri d 
t h e o d d m o d e i m p e d a n c e .i n c r e a s e L". R e f ♦ 10? p * 3 5 2 ] * 

In the 1 i m :i. t * w h e n t h e s e p a r a t i o n b e t wee n t h e s 1 o t s 
v a ri i s h e s * t h ere i s c o m p 1 e t e o p p o s i t i o n b e t w e e n t w o e q u a 1 a n d 

0 p p o s i t e m a g i"i e t i c f i e 1 d s * I n t h i s c o i”i d i t i o n ? t h e o d d m o d e 
j. m p e d a n c e o f e a c h s 1 o t i s e x a c 1 1 y t w i c e t h e u n o u p 1 e d 

1 m p e d a n c e o f o n e f t h e o r i g L r*i a 1 s 1 o t s IT. R e f ♦ 10? p * 5 5 ] * 



The electrical length of coupled slots is longer than 
t h e u n c oupled 1 e n g t h i n t he eve n m o d e a n d shor t e r t h a n t h e 
uncoupled length in the odd node. These differences become 
larger as the two slots are brought closer together II R e f * 
135 pp. 5'13-5'{53* 

G , M I C R 0 S T R I P C H A R A GTE R I S T I C S 

The Microstrip that is used in this thesis is comp os ed 
o f a n a r r o w c e n t e r c o n d u ctor w i t h d i e 1 e c t r i c m a t e r i a 1 a n d a 
ground plane on both sides* If the two ground planes are 
bent around the center conductor until they touch* it will 
resenble coaxial cable* This dual sided Microstrip? defined 
as 1 1 1 r i p 1 a t e 1 i n e ' ' b y R e f e r e n c e 6 ? a n d c a a x i a 1 c a b 1 e b o t h 
o p e r a t e i n t h e T E M m o d e II R e f . 61 p p . 3 8 - 6 1 3 * 

H* MICRO ST RIP TO SLOT LINE TRANSITIONS 

A s i m p 1 e a n d e f f e c t ive t r a n s i t i o n f r o m s 1 o 1 1 i n e t a 
m i c r o s t r ip i s p r e s e n t e d b y K ri o r r II R e f ♦ 1 d t p p * 5 1 B - 5 5 3 II * 

With this technique an open length of Microstrip on one side 
o f a is e c t i. o n o f d i e 1 e c t r .i c o v e r 1 a p s s s h o r t e d s 1 o t o n t h e 
other side of the sane substrate at a 90 degree angle* The 
portion of the slot that extends past the Microstrip* and 
the portion of the Microstrip that extends past the slot are 
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With thin substrates and high dielectric constants, the 



power transfer through this type of transition is close to 
in. CRef, 14i pp , 548-5533 , The fin-line Magic-tee and the 
fin-line Monopulse s y s t e m developed in this thesis are Made 
f r o m E p s i 1 a m - 1 0 which is 0,025 inches t h i c k and h a s a 
d i e 1 e c t r i c c o n s t ant of 10,2, The retur n 1 o s s o f t h e s e 
t r a n s i t i o n s i s m i n i m a 1 , 

I , I M F : ‘ E C) A N C E MAT C H I N G 

A quarter wave length Imp ©dance Matching technique is 
used in the fin- line Magic- tee. This procedure joins two 
slots of unequal Imp ©dances together with a quarter wave 
1 e n g t h m a t c h i n g s e c t i o ri , T h e j. m p e d a n e e o f t h e c e n t e r 
Matching slot is equal to the square root of the product of 
t hi e t w o o r i g i n a 1 i m p e d a n c e s , 
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The proof of this relationship is based on the fact that 
all of the points on the left half of the real line of a 
Smith Chart are the reciprocals of the equal distance points 
on the right side of the real line* Therefore, as long as Za 
and Zb are on different sides of the real line and equal 
distance f'r on the center , their product is unity. Since the 
center of a normalized Smith Chart is Zo which has a value 
of 1.0. t h e a 1 g e b r sic r e 1 a t i o n s h i p d i s c u s s e d a b o v e p r o d u c e s 



a perfect impedance match 



Ill* FIN-LINE MAGIC-TEE 



The f i n - 1 i n e Magic -tee is designed to Mate with two 
fin-line horns froM Reference 5 to fom a fin-line Monopulse 
antenna* To provide a s m o o t h transition between the 
Magic-tee and the horns, a bilateral fin-line Magic-tee 
enclosed in a waveguide fixture is developed* The dielectric 
is E p s i 1 a m - 1 0 which has a thickness of 0 * 025 inches and a 
dielectric constant of 10*2* 

A * ENGINEERING APPROXIMATIONS 

Four Major engineering approximations are used in the 
d e s i g n o f the Magic- 1 go* T h e s e a p p r o x i n a t i o n s g r e a 1 1 s 
f a c i 1 i t a t e t h e d e s i g ri p rocess wit h a u t i ri t r o d u c i n g 
s i g n i f i e a n t i n a c c u r a e i e s * 

1 ♦ P a r a 1 1 e 1 C i r c u i t A p p r o x i m a t i o n 

A ri e x t e n s i v e s e a r c in o f t h e c u r r e n t 1 i t e r a t u r e f a i 1 e d 
t o t i.j r ri u p d e s i g n d a t a f a r a c o m p 1 e x f i n - 1 ;i. n e s t r li c t u r e w :i. t h 
c o u p 1 e d b i 1 a t e r a 1 f i n - 1 i n e s 1 o t s a t a d i e 1 e c t r i c c o n s t a n t o f 
1 0*2* T h e r e f ore, t h e b i 1 a t e r a 1 f i n - 1 l n e i s m o d e 1 e d a s t w o 
i d e n t i c a 1 u n i 1 a t e r a 1 ( o n e s i d e d ) c i r c u i t s i n parail e 1 * 

S h a r m <a ej n d li o e f e r L' R e f * 11* p p * 3 5 0 - 3 5 5 II c omp a r e d 
t h e p r o p e r t :i. e s o F b i 1 a t e r a 1 f i n - 1 i n e a n d u ri i 1 <a t e r a 1 f i n - 1 i i"i e 
w i t h d i e 1 e c t r i c c: o n s t a ri t s o f 2 ♦ 2 2 a n d 3 * 0 * A n 8 0 o hi m ♦ 0*0 5 0 
i n c In t h i c k. s e c t :i. o ri o f b i 1 a t e r a 1 f i n - 1 i n e In a s 5 7 % o f t In e 
i m p e d a n c e o f a s i m i l a t n s e c t i o n a f 0 •> 0 2 5 i n c In t h i c V. 



unilateral fin-line. Changing the dielectric constant to 3.0 
drops the ratio to 55%. The same comparison with 0.025 inch 
thick. 200 ohm unilateral fin-line produces an 8T% ratio at 
a dielectric constant of 2.22 and 3 73% ratio with the 3.0 
dielectric constant. 

At a dielectric constant of 10.2, the low impedance 
slots should closely fit the parallel circuit model. There 
may be a slight error for the largest unilateral impedance 
i n t It e f i n - 1 i n e m a g i c - t e e , w h i c h is 2 0 0 o hi m s . Howev e r , t h i s 
e r r o r s hi o u 1 d be mi n i m a 1 . 

2 ♦ F i x t u res E f f e c t o n I m p e d a n o e 

Kuchler CRef. 15? p. 1033 compared the impedances 
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i m p e d a n c e s a r e aim o s t i n d e n t i c a 1 ♦ T hi e i m p e d a n c e o f t h e 
shielded slot is constant to 6 -GHZ. The impedance of the 
unshielded slot is approximately 10% lower at 6 -GHz than it 
is at 12- GHZ, 

T hi e q u a r t e r w a v e 1 e n g t hi .i m p e d a n c e m a t c hi .i n g t e c hi ri :i. q i j e 
d j. s c u s s e d i n C h a p t e r Two is t hi e o n 1 y t y p e o f i m p e d a n c e 
matching used in the fin- line magic- tee. This technique's 
s i m p 1 e a 1 g e b r :i. c r e 1 a t i o n s hi ip will f a e t o i' o u t a n y u n i f o r m 
c hi a n g e i ri i m p e d a n c e , T here f ore, t h e f i x t u r e s h o u 1 d n o t 
e f f e c t t hi e i m p e d a n c e m a t c hi i n g b e t w e e n t hi e si o t s . The r e m a y 
be a slight mismatch between the slots and the microstrip 



leads f but this Mismatch should be Minimal f. Ref* 15* p* 
1033 * 

Based on the first two engineering approximations, 
all of the impedances in the fin-line magic-tee are 
calculated as slotline impedances with a dielectric 
thickness of 0 * 025 inches* All of the slot line impedances 
are exactly twice the desired bilateral fin-line impedances* 
3 ♦ Leng th of t he Coupled Blot s 

T h e e 1 e c t r i e a 1 1 e n g t h o f c o u p 1 e d s 1 o t s i s d i f f e r e n t 
i n t h e e v e n a n d odd modes C Ref ♦ 1 3 t p p ♦ 5 -1 1 - 5 7 1 * T h e 

a c 1 1 j a 1 1 e n g t h o f t h e c o u p 1 e d s 1 o t s i n t h e s 1 o 1 1 i n e m a g i c - t e e 
L" R e f * m p * 5 2 71 i a t tie a v e rage of 1 h e e v e n a n d o d d m o d e 
<-i u a r t e r w a v e 1 e n g t h s > 

K n o r r a ri d K u c h 1 e r C R e f ♦ 1 3 ♦ p p * 5 ‘1 4 > 5 5 II q r a p h g* d 
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r a n g e o f s 1 o t s e p a r a t i o n d i s t a n c e s , i n c 1 u d 1 n q t h e s e p a r a t i o n 
t h a t i s u s e d :i. n t h e f i r» *••• 1 i n e m a g i c - t e e ♦ 

T h e 1 e n g t h o f t h e c o u p L e d s 1 o t s i n t h e f i n - 1 1 n e 

magic- tee is designed to be 9 7% of the value of a similar 
s e c t i o n o f u n c o i j p 1 e d s 1 o 1 1 i n e * 

d - I.) 1 e 1 e c t r i c T e r m i n a 1 1 o n w i t h i ri t h e F 1 x 1 1 j r e 

D ij e t o 1 h e c o m p 1 e x g e o m e t r y o f t h e f i ri - 1 i n e 
m a g i c •- 1 e e ( F i g * 1 ) t h e c o n v e n t i o n a 1. c o n f i g u r a t i o n f o r t h e 
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bilateral fin-line shown in Figure 11 is not feasible. The 



fin-line Magic-tee uses a 0.02 inch groove in the fixture 

% 

wall to support the dielectric. This g r o o v e s h o r t s a n d 
electrically seals the edges of the fins. 

B . EQUIVALENT CIRCUIT 

T he f i n - 1 i n e Magic-tee is sini 1 a r to t w o s 1 o 1 1 i n e 
Magic- tees placed back to back and Mounted in a waveguide 
fixture CRef. ,: 'K pp. 523-5 27 'J. The equivalent circuit for 
the fin- line Magic-tee is siMilar to the circuit shown for 
t h e si o 1 1 :i. n e m a g i c - 1 e e o n p age 5 2 5 o f R e f e r e n c e . T hi e 
f i n - 1 i n e d e vice is r e p r e s e n t e d b y t w o o f t hi e s e c i r e u i t s 
connected in parallel. The fin- line version is surrounded by 
a shield. 

1 ♦ T h e o r e 1 1 c a 1 0 p e r a 1 1 o n 

A n a c t u a 1 1 J 1 s c a 1 e d r a w i n g o f t h e f i n - 1 :i. ri e 

Magic- tee is illustrated in Figure 1. With the exception of 
port three t the entire Magic- tee is syMMCtrie about an axis 
that extends through the center of the port four Microstrip 
1 i n e . T h e t h e o r e t i c a 1 o p e r a t i a n a f t h e f i n - 1 i n e m a q i c - 1 e e i s 
i. d e n t i c a 1 t a t h e o p e r a t i o n o f t h e s 1 o 1 1 i n e m a g i c - t e e 1. R e f . 
T5 pp. 5 23-527 :i. 

The Microstrip leads froM all four ports use the 
Micro strip to slot transition technique discussed in Chapter 
T w o . T h e s hi o r t i n t h e 1 o o p c a u s e d b y t h e p o r t f o u r 
m j. c r o s t r i p e f f e c t i v e 1 y i s o 1 a t e s p o r t s o n e a n d t w o . P o r t s 
three and four are isolated f com each other by the 3/T of a 



wavelength distance between the short in the loop and the 



short caused by the port three Microstrip. 

* 

Two signals that enter thee coupled slots in the even 
Mode will couple into port three. There will be a slight 
p h a s e shift between the two signals in the port three 
Microstrip line. This error is inherent in the design of the 
device and c a n only be m i niwize d b y k e e p i n g t h e s 1 o t 
separation as shall a s possible. The even m o d e s i g n a 1 s 
cancel at port four due to the loop geoMetry. 

Two signals that enter the coupled slots in the odd 
Mode will be out of phase at port three but will couple in 
P h a s e a t p o r t f o u r . T h e t h e o r e t i e a 1 o p e r a t i o n o f t h e 
fin- line Magic- tee is identical to the scattering Matrix for 
t h e w a v e g u i d e m a g i c - 1 e e (Fig. 3 ) . 

2 . T h e o r e t i c a 1 Imp e d a n c e M a t c h i n g 

The unilateral iMpedances in the fin- line Magic- tee 
are 200 oh ms in the loop, 100 ohMS in the slots that connect 
to ports one and two, and 70.7 oh ms and 1 T 1 . T ohMS for the 
even and odd Mode in the coupled slots, respectively. These 
reduce to bilateral iMpedances of 10 0 oHms, 50 ohns, 3 5. “I 
ohMS and 70.7 ohMS , respectively. These bilateral values are 
identical to the iMpedances listed for the "case three" 
slot line Magic- tee CRef ♦ T '» p. 52711. A detailed discussion 
o f t h e t h e o r e t i c a 1 j. m p e d a n c e m a t c h i. n g i n t h e s 1 o 1 1 i n e 
m a g i c - 1 e e :i. s f> r e s e n t e d b y A :i. k a w a a n d 0 g a w a II. R e f . c \ l p p . 



There a r e f o u r b a s i c relationships t h a t r e q u i r e 



i m p e d a n c e Match i ng within the Magic-tee. The paths froM port 
three to ports one and two and froM port four to ports one 
and two Must be Matched in the even and odd Modes. In all of 
these cases the coupled slots act as a quarter wavelength 
m a t c h i n g s e c t i o n . T It e i m p e d a n c e m a t e h i n g p r o b 1 e m e i t h e r 
reduces to three series iMpedanees of 100. 70.7 and 50 ohMS > 
or 50 . 3 5 ♦ •■} and 25 ohMS. In all cases, the i Mpedance of the 
c o u p 1 e d s 1 o t s i s t h e s q u a r e r o o t o f t h e o t hi e r t w o 
i Mpedances . 

C. SLOT INFEED AN CE AND ELECTRICAL LENGTH 

1 * U n c o u p 1 e d S 1 o t . s 

C o h ri C F : ; e f . 16 5 p . 1 0 9 2 1 g r a p h e d s 1 o 1 1 i n e :i. m p e d a n c e 
and effective wavelength for dielectric constants of 9.6 and 
11.0. T h e d a t a p o i n t s o n f- i g u r e 1 2 a n d 1 3 a r e e : < t r a p o 1 a t e d 
f r o m C o h ri ' s g r s p h s f o r a d i e 1 e c t r i c c o n s t a n t o f 1 0 . a 
d :i. e 1 e c t r i c t hi i c V-. n e s s o f 0 ♦ 0 2 5 i n c h e s a n d a f r e q u e n c y o f 
10 -GHz'. All of the slot widths and electrical, lengths in the 
f i n - 1 i n e m a g i c - t e e a r e d e r i v e d f r o m t h i s :i. n f o r m a t i o n . 

2 ♦ Cc.ip led Slots 

As discussed in Chapter Two. the odd Mode i Mpedance 
of coupled slots with no separation is equal to twice their 
u n c o u p 1 e d i m p e d a n c e . T h e i r e v e n m o d e i m f> e d a n c e w i. t } i n o 
separation is one half of the uncoupled i Mpedance of the new 
larger slot IRef. 105 p, 3553. 



Knorr and Kuchler CRef* 131 pp ♦ qr aphed 

t h e even a n d odd Mode in p e d a n c e s of c o u pled slots f o r 
dielectric constants of 11 and 16* A normalized version of 
this infer nation is plotted in Figure m for a dielectric 
thickness of 0*025 inches and a frequency of 10-GHZ* 

The nornalization in Figure Id is non-standard* The 
n o r n a 1 i z. i n q i n p e danc e i s t h e s 1 o t i n p e d a n c e f o r S / D ( s 1 o t 
s e p a r a t i o n / d i e 1 e c t r :i. c t h i c k ri e s s ) a p p r o a c h i ri q i. ri f i n i t y - I h e 
n i ri i n ij n v a 1 u e o f z e r o i s e <*i u i va 1 e n t t o t h e e v e n n o d e 
i n p e d a n c e w i t h ri o s 1 a t s e p a r a t i o n * T h i s c a r r e 1 a t e s t o h a 1 f 

0 f t h e u n e a u p 1 e d i n p e d a n e e a f a s 1 o t t h a t i s l w i (a e a s w j. d e 
a s t i i e o r :i. q i n a 1 s 1 o t s * T h e o e ri t e r v a ]. u e o f 1 * 0 r e p r e s e n t s a ri 

1 n f i ri i t e s 1 o t s e p a r a 1 i o n > T h i. s i s e q u :l v a 1 e n t t o t h e 
u n e o u p 1 (•:•? d i n p e d a n c e o f e a c h s I o t * T h e n a x i n u n v a .1 u e o f 2 * 0 
:i. s t h e s a n e a s t ft e o d d n o d e i n p e d a n c e s w .i. t hi e r o s 1 o t 
s e p r a t i a n « T h i s c a r r e s p a ri d is t o t w i. c e t h e :i. n p e d a n e e o f t hi e 
u r i o a u p '1 e d s 1 o t s •> 

T h e w :i. d t h a f t hi e c o u p 1 e d s 1 o t s a n d t ft e s e p a r a t i a n 
h e t w e e n t hi e c o u p .1. e d s 1 o t s a r e d e t e r n :i. n e d b y t r i a .1. a n d e r r o r - 
D u r :i. n q t ft i. s p r o c e s s i n p e d a n c e s f r o n I :r i q i.j r e 1 2 a r e a s s :i. q n e d 
t o t h e n o r n a 1 :i. z e d v a 1 u e s o f z e r o •> 1 ♦ 0 a ri d 2 > 0 s h o w n i. n 

F .1. q i.j r e 1 d ♦ 7 ft e c u r v e f o r a d i e ]. e c t r :i. c c o n s t a n t o f .1. :!. •> 0 i. s 

ij s e d ;i. n t h i i-> p r o c e d u r e « & a s e d o n t h e e o n p a y n :i. s o n b e t w e e n t ft e 
e u r v e s i" o r* d :i. e 1 e c t r :i. c c? o n s t a n t s o f 1 :L « 0 a ri d 1 6 ♦ 0 < F :i. * 1 d ) y 
1 i 1 1 1 e e v r o r w :i. 1 J. b e i. n d u c e d b q t h :i. s a f> t % o x i n t i o n ♦ 

l :: * i r ii> t ? a n a r- b i t r t s y v a 1 u e f* r t hi e u n c o u p 1 e d 
i i-i f> e d a n c* e .i. s cj i i o s e n ^ T o i ]. J. u s t r a t e 1 1 1 :i. is p r o c: e d u t' e a ri 



initial val u e of 100 o h m s is used f o r t h e u n c o u pie d 



itfpedsnce* The normalized impend a nee of 1 ♦ 0 (Fig* I'D is 
ass i gned th i s va 1 u e (10 0 ohms)* The n o r m a 1 i x e d i m p e d a n c e 
value of 2*0 (Fig* 14) is set equal to twice this value (200 
ohms ) ♦ 

S e e o n d * t h e s 1 o t w i d t h ( 0 * 4 3 4 0 m i 1 1 i m e t e r s ) f o r t h i s 
s r b i t r a r y i m p e d a n c e ( 1 0 0 o h m s ) i s o h t a i ri e d f r o m t h e 0 * 6 3 5 
m i 1 1 i m e t e r c u r v e i n F i g u re 12* T h e i m p e d a n c e ( 1 3 2 * 2 o h m s ) o f 
a s 1 o t t w i c e t h i s wide ( 0 * 8 6 8 0 m i J. 1 i m e t e r s ) j. s a 1 s o 
e a 1 o u 1 t e d f r o m F :i. q u r e 1 2 ♦ T h e ri o r m a 1 i :z e d i m p e d a r i c e o f x e r o 

( F :i. g * 1 4 ) i s s e t e q u a 1 t o h a 1 f o f t h j. s v a ]. u e (66* 1 5 o h m s ) * 

T h i r d * t h e i m p e d a ri c e s i n F i g u r e 1 4 a r e ri a w s e a 1 e d 
f o r a d :i. e 1 e e t r i c c o n s t a n t o f 1 0 * T h e 1 o w e r p o v t i o n o f t h e 

g r a p h i s ]. i n e a r f v o m 6 6 * 1 5 o h m s ( n o r m -a* 1 i z e d v a 1 u e o f x. e r o ) 

to 100*0 ohms (normalized value of 1 * 0 > ♦ The upper portion 
i s 1 i n e a r f r o m :l. 0 0 * 0 o h m s ( n o r m a 1 i :;r. e d v a 1 u e o f 1*0) t o 2 0 0 * 0 

0 h m s ( n o r m a 1 i 2 : e d v 3 1 u e o f 2*0)* 0 n t h i s s c a 1 e d v e 7 • s i o n o f 

F i g i.j r e 1 4 * 3 n S / D i <r> p i c l< e d t h a t c o r r e s r-> o ri d •=> t o <:< n o d d m o d e 

1 m p e d a n c e o f 1 4 1 * 4 o hi m s * I f t h e c: o r r e c t v ia ]. u e i. s s e 1 e c t e d 

f o r t h e j j n c o u p 1 e d i m p e d a n c e ( s t e p o ri e ) * t hi e e v e n m o d e 
:i. m p e d r.^ n c e w :i. J. 1 b e t h e r e a u i r e d 7 0 * 7 a h m s ♦ I n t hi x s e x <•:> m p !L e * 
t hi e n a r * m 3 J. i e d o d d m o d e :i. m p e d ej n c: e o f 1 * 4 1 4 c o t - r e s p a ri d s t o a ri 
S / D o t U * 5 6 1 3 3 r i d <•< r 1 o r m a 1 :i. z e d e v e n m o d e x m p e d a n c e o i' 0 * 4 1 / -4 
( F i g * 1 4 ) * T hi i s e q u a t c s t o 3 n a c 1 1..1 a ]. e v e r 1 m o d e x m p* e d a n c e o f 

o 0 * !•:' 8 o ! "i m % “> ♦ 
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Fourth* this process is repeated until the scaled 



version of Figure IT produces an odd Mode impedance of 1T1*T 
ohMS and an even Mode impedance of 70*7 ohMS for the sane 
S/D> There is only one uncoupled iMpedanee (Fig* 12) and one 
S / D (Fig* IT) that produce this relationship for e a e h 
sp ec i f i c d i e 1 ec tr i c constant ♦ 

F o r E p s i 1 a n - 1 0 * t h e u n c o u p 1 e d i m p e d a n c e t h a t m a t c h e s 
1 1 1 i s c r i t e r i a is 92* 3 o h m s ♦ T h e a c t u a 1 s 1 o t w i d t h i. s 0 * 0 1 3 T 
i n c h e s (0*3 T 0 1 m i ]. 1 i m e t a r s ) * T h e c o r r e c t 3 / D i s 0 * T 1 8 7 * T h & 
n o r m a 1 i e d i m p e d a n c e s a r e 0 * 3 3 8 3 f o r t h e e v e ri m o d e a n d 
1 * 5 3 2 0 f o r t h e o d d m o d e ♦ T h e a c t u <3 1 d i s t a n c a b e t w e e n t h e 
s 1 o t s i s 0 <• 0 1 0 5 i r*i c h e s ( 0 ♦ 2 6 59 Mi 1 1 i m e t e r s ) * 
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The fixture is constructed froM WR-90 copper waveguide 



The two wirror inage halves have 0*020 inch deep and 0*025 
inch wide grooves in all three of the edges of the Joining 
sean * 

The two sections of dielectric are placed into these 
grooves* Then the Microstrip launchers for ports three and 
f o u r a r e s e t i n t o p 1 a c e a n d s o 1 d e red t o t h e m i c r o s t r i p 
leads* Only one of the Mirror iMage sections of dielectric 
is etched with Microstrip* The other piece is void of Metal 
on the inside* 

A f t e r t h e t w o 1 a u n c h e r s a re so 1 d e r e d :i. ri p 1 a c e * t h e 
fixture is bolted together* At this point* the launchers for 
ports one and two are attached* 

The original design used QSM 2 07 0-5 029- 02 launchers for 
all four ports* With this design, the launchers are held in 
P 1 a c e b vi t h e f :i. x t u r e w h e rr i t i s b o 1 1 e d t o g e t h e r * T h e 
launcher is not screwed into the fixture* This arrangeMent 
does not provide a satisfactory electrical contact between 
the fixture and the launchers* 

T h e f :i. x t u r e w a s M o d i f i e d t o a c c e p t 0 S M 2 0 5 2 - I. 6 5 8 - 0 2 t w o 
hole flange Mount Jacks, The flange Mounted jacks are 
a 1 1 a c h e d t o t h e f i. x. t u r e w i t hi s m a 1 1 s c r e w s , T h i s 
c o n f i q u r a t i o ri p r o v i d e s g o o d e 1 e c t r i c a 1 c o n t :i. n u i t v) b e t w e e n 
t h e f : 'l x t 1 j r e a n d t h e c o n n e c t o r . 

E * F I N -- L I N E h A Q I C - T E E D E S I G N 
1 , Slotted Si de 

The length of the loop is 3 / of a wavelength froM 
the port three Microstrip to the port four Microstrip* The 



width of the loop slot and the separation between the two 



halves of the loop are operator adjustable variables* The 
computer progran (Appendix A) calculates the length of the 
portions of the loop* and adjusts the length of the straight 
section in the loop to keep the overall length equal to 3/*k 
of a wavelength* 

T h e t o p a n d b o 1 t o m 1 e n g t h s o f the co u p 1 e d s 1 o t s a r e 
v a s 1 1 y d i f f e r e n t ♦ The cal c u 1 a t e d q u 3 r t e r wav e 1 e n g t h i s 

e q i..i a 1 t o t h e a v e r a g e o f t h e s e t w o 1 e n g t h s ♦ 

All of the bends in the slots are constructed in the 
s <:> n e m a n n e r * A 1. i n e e x t e n d i n g t hi r o u g hi a b e n d f r o m c o r n e r t o 
corner will bisect the angle of the bend* In this Manner* 
t h e c o r n e r s i n a 9 0 d e g r e e b e n d a r e o f f set f r o n e a c h o t h e r 
by degrees* In a T5 degree bend* the offset angle is 22*5 
d e g r e e s * T h i s a r r a n q e n e n t i n s u r e s t h a t t hi e s 1 o t w i d t hi i ri t h e 
bend is at least as wide as the slots that lead into the 
bend * 

A !. I o f t hi e s e r e I a t i o n s h i p s a r e e a 1 c u 1 a t e d b y t hi e 

c o n p i..i t e r p v o g r a n w hi i c hi d r a w s t hi e n a g i c - 1 e e * 

The slots that lead to ports one and two are spaced 
wide apart for the first two Magic -tees and closely together 
f o r t ii e t hi i r d ri a g i e - 1 e e a n d f o r t hi e f i n - 1 i r« e m o n o p u 1 s e 
s> y s t e m * I n n a g i c - 1 e e s o n e a n d t w o ? t hi e s 1 o t s a r e 0 * 0 1 i n c hi e s 
f r o m t h e e d g e o f b hi e f i x t u r e * 

I n t hi e t hi i r d m a g i c - 1 e e a n d b h e f :i. n - 1. i n e m o n o p u 1 s e 
s y s t e n * t hi e d i s t a n c e f r o n t hi e s 1 o t s t o t hi e f i x t u t' e g r o o v e i s 



At 



twice as large as t h e distance between the s 1 o t s * 
11,^-GHZ these distances are one half and one quarter of a 
wavelength, respectively. The half wavelength short and the 
quarter wave length open effectively seal the edges of the 
fins within the slot, 

2 , (i i e r o s trip Si d e 

The widths of the Microstrip lines are taken fr-OM 
Saad's Microstrip iMpedance graph CRef ♦ 1 7 i p, 1:1.7"! , 

The transitions froM Microstrip to coaxial cable are 
u n i q u e , T h e m e t a 1 f o i 1 o n t h e s 1 o 1 1 :L n e s i d e o f t h a 
dielectric acts as the ground plane for the Microstrip, Near 
the connectors, this ground plane is parted in a "9" shape 
(Fig, 1), At the sane tine the width of the Microstrip is 
flared at a lesser angle. The flare in the Microstrip is 
adjusted to Maintain a 50 ohM i npedance at every point in 
the line, 

T h e n o t c hi i n t h e g r o u n d p 1 a n e i s f 1 a r e d a t a j 5 



degr ee 


anqle 
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each 


di red 
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, The total 
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o f 
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is 9 0 
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n o t c h e x a c 1 1 y m a t c h e s t h e d i a m e t e r o f t hi e h o 1 e i. n t hi e 
fixture wall, which exactly Matches the outside dianeter of 
t h e d i e 1 e c t r :i. c w i t h i n t h e f 1 a n g e d 1 a u n c h e r , 

The Magic- tee dielectric extends through the hole in 
t hi e f i x t u r e a ri d t o u c h e s t hi e 1 a u n c h e r ' s d i e 1 e c t r i e , W J. t hi t hi i s 
a 1 i g n m e ri t , t hi e i n s i d e w a 1 1 o f t hi e s hi i e ]. d o n t hi e c o a x x a 1 



cable transitions snoothly through the launcher to the edge 
of the ground plane notch ♦ 

This Microstrip to c o a x i a 1 cable t r a n s i t i o n 
m :L n i n i z es physical disconti ri u i ties that c o u 1 d c a u s e 
inductive or capacitive reactances CRef* 18* p* 953 * This 
1 a c k o f r e a c t a n c e m a x i m i z e s the b a n d w i d t h thro u g h t h e 
fixture wall ♦ 

F ♦ MANUFACTURING PROCESS 

A sihple f o r m of computer aided design is adapted for 
t h i s p r o j e c t ♦ A B A S I C C o m p u t e r P r o g t % a m ♦ wr i 1 1 e n o n a n H p 
9 8 T 5 B c o m r> u t e r ( w i t h a ri IT F : ' G r a p h i c s F< 0 M ) ♦ c o n t r o 1 s a ri IT F : ’ 
9 8 7 2 C P 1 o 1 1 e r ♦ T h e p 1 o 1 1 e r d r a w s t h e o u t 1 :i. n e o f t h e 
m a g :i. c 1 e e f o u r t :i. m e s t h e a c t ij a 1 s i x e ( 4*1 s c a 1 e ) <• T h e 
outline is filled in by hand ^ using black Marking pens* The 
c o m p 1 e t e d d r a w i n g i s p h o t o g r a p h i e a 1 1 y r e d u c e d * 

T h e n e g a t i v e s , w h i c h a r e e x a c 1 1 y 1 * 1 s c a 1 e ? a r e u s e d a s 
e t c h i ri q m a s k s ♦ T h e n e g a t i v e f o r t h e s 1 o t s i d e a ri d t h e 
n e g a t j. v e f o r t h e m i e y % o s t r i p s i d e a r e t a p e d t o o p p o s i t e s :l d e <;» 
o f a <s c r a p s e c t i o n o f d j. e 1 e c t r i c * T h e a 1 :L g n m e n t b e t w e e ri 
t h e s e t w o n e g a t i v e s :i. s d o n e o n a 1 i g h t t a b 1 e ♦ T h e p h a s e 
d :i. f f e r e ri c e a t p o r 1 f o u r *. b e t w e e n s i q ri a 1 s t h a t o r i. g i ri a t e a t 
P o r t s o r*i e a n d t w o c a n b e a 1 1 e r e d b y p o o r a 1 :i. g ri m e n t * 

T h e s e c t :i. o ri o f d i e 1 e c t r i e 1 h a t i s t o b e e t c h e d i iv: p 1 a e e d 
b e t w e e n t h e t w o n e q a t i v e s d u r i ri g t h e e t c h i n g p r o e e s s * T h e 
c o m p 1 e t e d e t c h i n q i s h a n d c u t a n d s a n d e d t o f i t t h e f :i. x t u r e * 



COMPUTER AIDED DESIGN 



G ♦ 

A simplified version of CAD (Computer Aided Design) is 
used to draw t h e o u 1 1 :L n e of the magic - tee a n d f i r*i -• 1 i n e 
m o n opuls e s y s t e m (Appendix A ) ♦ This p r o cess s t a r t s b y 
establishing an imaginary 11 X f Y" Cartesian Grid* Every 
significant point that defines the drawing is assigned two 
grid 1 i n e s ♦ 0 n e i n t h e X - d i r e c t i o ri a n d o n e i ri t h e 

Y - d ire c t ion ♦ The qr id 1 i n e 1 a b e 1 s star t a t X a i n t h e 
h o r i z o vi t a 1 d i r e c t i o n and at Y a i n t h e v e r t i c a 1 d i r e c t i o n * 
The origin of the grid is the point where the port three* and 
P o r t f o u r m i. c r o s t r i p 1 i ri e s w o u 1 d i n t e r s e c t i f e x t e n d e d ♦ T h e 
distances between the grid lines are defined by variables* 
There are numerous points on most of the grid lines* but no 
t w o p o :i. ri t s s h a r e t h e s a m e h o t' i z o n t a 1 a n d v e r t i o a 1 q r i d 1 i n e * 

E a c h p o i n t w h i c h d e f i n e s t hi e d r a w i n g :i. s ri u m b e r e d * 
s t a v t i ri q a t o r*i e <• a n d a s s i g n e d i t s o w n i.j ri i q u e o o o r d i ri a t e s * I f 
point one lies on the intersection of Xc and Yv* then XI is 
set equal to Xc and Y1 is equated with Yv* This procedure is 
r e r> e a t e d f o r e v e r y p o i n t t h a t d e f i n e s t h e d r a w j. n g * 

T h e a w k w a r d i"i e s s o f t i'i i s a p p r o a c. h i s m o r e t h r j ri o P f s e t b y 
t w h. e vj 3 d v a n t a g e <;> * F i r s t t i**i e r> r o g r a m t ci t d r <;< w <r> t h e 
magic- tee is very easy to write* The command MOVE XI* Yl 
f o 1 1 o w e d b y D E A W X 2 * Y 2 d r cj w s a 1 i r*i e f r o m p o i. ri t o r*i e t o p o :i. n t 
two * 

T hi e s e e o ri d a ri d p e r hi p s m o s t d t- a m a t i c a d v ci n t <:j g e o c c u r <;> 
when the value of one of the variables is changed* Only one 



line? in the program has to be changed to adjust the width of 
any slot* All of the grid lines that are affected by this 
variable are a u tofiatically adjusted as the program is 
executed ♦ 

Once the program is written* this approach is faster 
than roughly sketching new ideas by hand* Accurate -scaled 
d r a w i n g s s h o w i ri g n u m e r o u s va r i a t i o n s c a ri b e c (a m p 1 e t e d i n a? 
f e w m i n u t e s w i t h o u t t h e a i d o f a d r a f t s m a ri o r e x p e n s i v e 
d r a f t i n g c o m p u t e r ♦ 

T h e c o m p u t e r p r o g r a m a d j u s t s t h e 1 o c a t i o n s o f t hi e 
numbered points to compensate for half of the thickness of 
t h e 1 i n e t h a t t h e p 1 o 1 1 e r m a k e s ♦ T h e r e i s a 1 s o a f e w 
v a r :i. a b 1 e f u d g e f a c tors t In a t t h e o p e r a t o r c a n a s s i g n t o a ri y 
P o i n t i n t h e p r o g r a m t o a c e o u n t t o r a n o m a 1 i e s i n t r o d u c e d b y 
t h e p 1 o 1 t e r * E a c h f i n :i. s h e d d r a w i n g i s m e a s u t % e d u n d e r a 
ri :i. c r o s e o p e * 1‘ h e v a r i a b 1 e t h a t a d j u s t s f o r t h e w i d t h o f t h e 
p ]. o 1 1 e r ' s p e n a ri d t h e f u d g e f a c t o r s a r e a d j u s t e d a t t hi i s 
t i i v i e * 

T h i e s a m e c o m p u t e r p r o g r a m d r- a w s t hi e m a g j. c - t e e ; > t hi e 
f i n 1 i n e hi o r n * a n d t hi e f i n - 1 i n e m o n o p u 1 s e s y s t e m ( A p p e n d i x 
A ) •> T hi e i n t e r a c t i v e p r o q r a m a s k s t hi e o p e r a t o r a s t r i n g o f 
q u e s t i o ri s * T hi e s e <i u e s t i o n s :i. n e 1 u d e * W h i c h d r a w i n g i s t o b e 
m a d e ? t W hi :i. c hi s i d e ( s 1 o t o r m i c r o s t r i. p ) i s t o b e d raw n ? * a n d 
I s i t a v o u g hi d r a f t o r s m o o t hi c o p y ? T hi e 1 i n e s o n t hi e s m o o t h 
e o p y t a k e c o n s :i. d e r a b 1 y 1 o n g e r t o d r a w b u t a r e e x t r e m e 1 y 
a e c u r a t e < A p p e n d i x A ) * 
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The program can add a sealed three inch ruler ^ t o the 
bottoM of the drawing. This ruler is used to chec k t h e 
accuracy of the photo reduction. The ruler was only used on 
the first photograph y w o r k order. The precisio n w o r k 
accomplished by the Naval Postgraduate School Photo Lab is 
exemplary ♦ 

H . RESULTS 

1 ♦ F ixtur e 

As discussed above* the original fixture design does 
n o t p r o v i d e s u f f i c i e n t elec 1 r i cal c o n t i n u i t y b e t w e e n t h e 
launchers and the fixture. The flanged jacks., which attach 
to the Modified fixture with screws* solve this problem. 

The soldered joints in the fixture came apart on two 
occasions. Repair is extremely difficult due to the heat 
c o n d u cti n g p r a p e r t i e s o f c o p per . T h e h e a t r e ci u :i. r e d t o f i. x a 
seam is sufficient to loosen an adjacent joint. 

Due to the flexibility of Ep s i 1 am - 1. 0 . the fixture 
d o e s n o t a p p 1 y e n o u g h p r e s s u r e t o m a k e g o o d e 1 e e t r i c: a .1. 
c o i "i t a c t w i t h t h e p o r t t h r o e a n d f o u r m l c r o s t r i p . T h i. a 
problem is solved by soldering the launcher probes to the 
mi crost r ip . 

2 •> M a g i. a - T e e N u m b e r (!) n e 

The loop of this magic -tee tapers into the coupled 
slot region. The second magic- tee does not have this taper. 
Other than that* the first two magic -tees are identical. 
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The first Magic- tee was destroyed in testing ♦ The 
soldered connection on port four ripped the Microstrip off 
of the dielectric when the screws that attach the launcher 
to the fixture were tightened* 

Preliminary reflection checks on a scalar analyzer 
were performed prior to this damage* The reflections for 
t h i s m a g i e -tee a r e s 1 i g h 1 1 y worse t h a ri t h e s i m i 1 a r 
r e f 1 e c t i o ri s i n t h e s e c o n d m a g i c - 1 e e ♦ 

3 * h -a g i c - T e e N i j m b e r T w o 

T h e s 1 ots t ft a t 1 e a d t o p o r t s o ri e a n d t w o i. n t h i s 
m a g i c - 1 e e a t' e 0 *01 i n c h e s i ri s -j. d e o f t h e f i x t u r e w a 1. 1 > T h e 
actual scattering matrix for this device is illustrated in 
F i g i j r e 1 6 > T h e r e f 1 e c t :i. o ri s i n t h i s magi c - 1 e e a r e q u j. t e h 1 g h * 

The phase shifts are almost perfect* except for a 

s 1 i g h t p h a s e e r r o r a s s o c i. a t e d w i t h p o r t f o u r * T h :L s i s 
P r cn b a b 1 y c a u s e d b y i m p r o p e t % a 1 :i. g n m e n t o f t h e t w o n e g a t i v e s 
P r i o r b o t h e e t c h i ri g p r o c e s s * 

■\ > M a o j p - T e e N u m b e r T h r e e 

T 1 1 e e 1 o s e n e s s o f t h e p o r b o h e a n d b w o s 1 o t a t o t ft e 
f j. x t u r e w 1 1 i ri b h e s e c o ri d m a g i c - b e e c a u s e s a n a p r> a r e n t 
d i s e o n b i n u i t y w ft e r e t i*i e f i. x t u r e t e r m i. n <n t e s ♦ T ft e e s 1 o t s w e r e 
s e t w e J. 1 i n «» i d e t ft e f' i x b u r e o n t h e b ft i r d m g i c - 1 e e i n i i o p e s 
o f e 1 l m :i. 1 1 a t :i. n g b h :i. s d i s c: o ri t j. n u i t y * 

T h e <n c t u a 1 si c a 1 1 e r :i. i"i g m a t r ' :L x f o r b i *i e t ft i r d m a g :i. •- b e e 
:i. s s h o w n :i. r*i F i. g >j r e 1 7 * T h i s m a g :i. c •••• t e e a 1 s o ft a s n e a r p e r f e c: t 



phase shifts* However, the reflections are a little higher 
than they were for Magic-tee nuMber two* 

The actual phase and Magnitude froM 8- to 12-GHZ for 
each of the 16 points in Magic-tee nuMber three's scattering 
Matrix are illustrated in graphical forw in Figures 18 to 



IV ♦ FIN-LINE MONOPULSE SYSTEM 



A ♦ DESIGN 
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The E-plane pattern for a single fin- line horn with a 
dielectric constant of 10*2 is illustrated in Figure 6* The 
a s social e d H - p 1 a n e p a tter n i s s h own i n F i g u r e 3 5 ♦ T h e 
e x Irene w i d t h o f t h & H - p 1 a n e p a t ter n is d u e t o t h e h i g h 
dielectric constant of 10 *2* Similar horns constructed with 
a d i e 1 e c t r :i. c e o n s t a n t o f 2 * 5 T * h a? v e ri e a r 1 h s y m m e 1 r :i. c a 1 E 
a n d H - p 1 a n e p a 1 t e r n s 17. R e f ♦ 571 * T h e n o n o p u 1 s e e f f e c t a f t h i s 
s w s t e m i s e n t i r e 1 s i n t ft e E7 - p 1 a n e ♦ T h e r e f o r e * t h e w i d e 
H - p 1 a n e e 1 e m e n t p a 1 1 g? r ri w :L 1 1 p r o d u c e a w i d © H - p 1 a n e 
u o n o p u 1 s e s y s t e n p a 1 1 e r ri * 

T h e g a i n • o f e a c h a ri t e n n a i s o b t a i n e d b y c o m p a r i n g t h e 
a n p 1 :i 1 1 j d e o f t h e a n t e n n a p a t t g? r n w i t h t h e p a 1 1 e r n t r o n a 
s t a n d a r d g a i n h o r n ♦ 

B * RESULTS 

T h e a c t 1 j a 3. E •••• a n d H - p 3. a n © p a t 1 e r n s f a r t h e n o r*i a p u 1 s e 
s s t e m a r © s h o w n i n F :i. g i..i r e s 3 6 a ri d 3 7 r e s p e c t :i. v e 3. y » T h © g a i. n 
o f t h e s i j ri p a 1 t e r n i s e i g ft t d B ♦ T h :L s i s f o u r d E: a b o v © t h © 
e 1 e ii e n t p a 1 t e r n * A t h r e e d & i i v t p r o v e n e n t i s e x p e c t e d ( 1“ i g * 
9 ) * 

T i i e r :i. r s t n u 1 3. s i n t h e s u n p a t t e r n ( F :i q ■> 75 ) -a r e 

a p p r o ;•( :i. m a t e 1 vj 2 9 d e g r e e 1 e f t a n d r :i. g ft t o f b o r e s i q h t ^ T h e 
e 1 e m e n t s p a c: :L r*i g i. i 'i t h (•:•? cr o n p u t e r s :i. n u 1 t d u m p <;? 1 1 r n ( F i g •> 
3 8 ) :i. -s*. a d J u t e d u n t i 1 t hi e? f i r s t n u 3. 1 s o c c u r a lv p 3. i. * s a n d 
n :i. n s 2 9 d e r e e s * T hi e c: o r r e s p o n d i. n s :i. n i j ;|. a t e d d i. f f e r e r*i »::* e 
P a 1 1 e r n *.i. i:> v.> i’i o w n i r*i 1- :i. g ij r e 3 9 * 3 h e e h f © c t L v e e 1. e im © n t s- p b c. i. r*i q 

t i l ”i & *t p v o d >j c e s t hi j. s ri -*# t c hi i s 1 + o 0 w a v e .1. g? n •-> t h s » 



T h e difference port nicrostr ip was torn off of t h e 
dielectric during testing . This occurred after the patterns 
in Figures 36 and 37 were taken* The damage was repaired by 
soldering a small section of copper foil across the break* 

F o 1 1 o w ;L n g this repair* t h e f i n - 1 i n e m o n o p u ]. s e s y s t e m w a s 
tested* in an effort to find the bottom of the difference 
null* Figure *10 shows the results of this test. The recorder 
gain is maximum* and the eight dB sum pattern is saturated 
a g a i n s t t h e t o p o f t h e r e e o r d e r * Yet* t h e b o 1 1 o m o f t h e 
d i f f e i' e n c e n u 1 1 i s s t :i. ]. 1 n o t v i s :i. b 1 e * 
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V* CONCLUSIONS AND RECOMMENDATIONS 



A ♦ FIXTURE 

1 * Con cl u s ion s 

T h e a r i <3 i n a 1 f :L x t u r c d e s :L q n :i. s u n a a t i <5 f a c t o r h * 1 1 i s 

t o o f r a q i 1 0 -a ri d i t d o 0 s n o t p r o vide <3 o o d e L e c t r i c a 1 

c o n t i n u :i. t q b 0 t w e 0 n t h e n a <3 i c - 1 0 0 a n d t 1 "1 0 1 a u n c h 0 r s a t p o r t s 
t 1 "1 r 0 e a ri d f o u r * T h 0 m q d :L f :L 0 d f :i. x t u r 0 >• w h i c h h 3 s a c r 0 w e d o la 
c o a x :i. a 1 t o m i e r o s t r j p ]. a u ri e ft 0 r s a t p o r t s * t h r 0 0 a n d f o u r > :l s 

ii a r <3 :i. ri a 1 1 q 0 f f 0 c t i v e ♦ 

T h 0 0 1 0 c t r i c a 1 t r a ri s i s t i a n s t h r o u q h t ft 0 f i. x t u r 0 w a J. 1 . 
a t P o r t a t, ft r 0 0 a n d f o u r d o n o t a p p r 0 :i. 3 b 1 q r 0 s t r i o t t ft e 
h •::# i"i d w i d t Li o f t h 0 f j. n •••• 1 :i. ri 0 ri a q j. e •••• t 0 0 ( F i q s * :l 3 ■••• 3 3 > , 
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concept which is used in this thesis should he incorporated 



i n t h e n e w f i x t u r e d e s i q n ♦ 

B * fin-line: magic-tee 

1 + Conclusions 



The fin- line Maq i c-tee worked better than expected 
a f t e r o n 1 y t h r e e :L t e rati o n s o f t h e d evel o p m e r*i t a 1 p r o e e s s * 
T h e p h a s e s h i f t s a r e v e r y c 1 o s e t o t h e t h e cj r e t :i c a 1 
P a r a m e t e r s ♦ H owev e r ♦ t h e d i e 1 e c t r i e m a t e r i a 1 :i. s t o o f 1 e x i b 1 e 
and the reflections at all four ports need to be reduced* 

T h e r e a r e f o u r f a c t o r s t h a * t c o i j 1 d b e c a u i n q 1 h e 
h i q h r e 1 e c t :L cj n s ♦ F i r s t * a s .n o t e d i n t h e e i*'i q i ri e e r i. n q 
a p p r o j. n a t j. o n s ( C h a p ♦ 3 ) ♦ t h e b i 1 a 1 0 r a 1 T* i r i — J. :i. n 0 :i. m p e ft a n c e 

0 f t h e 3. c) o p m I q h t b e s I. i q hi t J. y a b o v e 1 h e d e s i r e d J. (J (J o h ri s * 

S e c o ri d ♦ 1 1 1 e ::> o 1 d e r e d c o n ri e c t i o n s o n t ft e m i. c r o s t r i. p 

1 i n e s a t p o r t s t h r e e a ri d f o u r p r o b a ft 1 y j. n t r o d u c e s i q r*i i f i c a r« t 

reflections * 

T I "i .i. r d * t h 0 m a q i c - 1 e e i s i"i o t c o m p 1 e t e 1 y s y m e t e r i c •> 
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w i t h 1 n t i i e d i. e 1 e c t r :i. c i s n o t t ft e s a n e a s t ft e d i s 1 r i b u t i o n o f 
t hi 0 e i c c t r i c f j. 0 3. d i n t ft e a :i. r ■> I h e r e f o r e ♦ t h e r e a c 1 1 v e 
L i "i t e r f 0 r 0 n c e :i. ri t h e a :i. r i s ri o t t ft e s a m e a s t ft e r e a c t i u e 
i. n t e r i' e r 0 n e e w i t ft :i. n t h e d J. e 1 e c t r :i c n a t e r i a 1 •> T ft e s e u n i v i a t c h e ft 
r e <i>* c t a 1 1 c e s p r o b a b 1 y c o ri t r i b u t e t o t ft e hi a r n o ri i c p ii) t 1 e r ri o f 
r 0 f 1 e c t :i. o n s o b s e r v e d a t <e> 1 1 f o u r p n r t s < F i q s * 1 3 - 3 3 ) ♦ 



Recommendations 



Future Magic-tees should be Made out of a stiff or 
semi-rigid dielectric Material. The combination of' a stiffer 
Material and a new fixture design should elininate the need 
for soldered connections. 

Two new Magic-tees should be Made with unilateral 
loop iMpedsnces of 190 ohMS and 195 ohms. Tests of these 
tees will help identify the proper unilateral loop impedance 
a n d c h e c k t he a c c u r a c y o f t h e f i r s t e n g i n e e r :i n g 
approximation ♦ 

Two s e c t i o ri s o f d i e 1 e c t r i a m a t e rial w h i c i"i a r e 
totally void of Metal foil can be added to the outsides of 
t h e e x i s t i n g t w o s e c t i o n s o f d i e 1 e c t r i c . X ri t h :i. s 
confi gust ion * the slots will be totally surrounded by the 
sa Me dielectric constant. This should Imp rove the symmetry 
of the electric field distribution near the slots, thereby 
r e d u c i n g t h e a m o u n t o f r e f 1 e c t e d e n e r g y w i t h .i. n t h e 
Magic- tee . 

C. FIN- LINE M0N0PUL.SE SYSTEM 
1 . Conclusions 



The performance of the fin- line mo nop u Ise system is 
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exactly splits the Main peak of the sum pattern (Fig. TO) is 
the essence of a good Monop u Ise antenna. The Minor problems 



caused by high reflections sho u Id be resolved when the 



fin-line Magic-tee is improved ♦ 

T h e peak in the f in-line no nop wise s y start's 
difference pattern is appr oxinately nine dB lower than the 
P e a k in it's sum pattern ( F i g ♦ 36) > This d i f fere n c e is 

approximately t h r e e d E: More than the corresponding 

r e 1 a t i o n s h i p i n S k o 1 n i k 7 s patter n s C R e f ♦ 7 ♦ p p * 1 7 - 2 3 II « T h e 
fin- line coMparator's weak difference pattern is probably 
the result of reflections caused by the large quaniti.es of 
s o 1 d e r o n t h e p o r t f o u r Microstrip 1 i n © ♦ T h e s h a p e o f t h e 
f i n - 1 i n e m o n o p u 1 s e s y s t © m 7 s s u m a n d d i f f e r e n c e p a 1 1 & r n s a n d 
t h e e w a c t c © n t e r i n g o f t h e d i f f a r e n c © n u 1 1 a r e a 1 n o s t 
i d e ri t :L c a 1 t o S k o 1 n i k 7 s i 1 1 u s t r a t i o n s ♦ 

S k o 1 n i k. II R e f ♦ 7 t p p ♦ 1 0 - 2 3 II s h o w s t h a t t h e s e e o n d 

n u 1 1 i n a t h e o r e t i c a 1 s u m p a 1 1 e r n i s n o t pres e n t o n a n 
a c 1 u a 1 m o n o p i j 1 s e p a 1 t e r n ♦ T h :i. s © f f e c t i s r o u g h ]. y r e p r o d u e e d 
in this thesis (Figs* 36 and 38)* The second and third peaks 
j. n t i*i e s i m u 1 a t e d s u m p a 1 1 e r n ( F :i. g ♦ 3 8 ) a r e a t t 0 a n d 7 2 

d e g r e e s r e s p e c t i v e 1 y > C o t x r e s p o n d i n g p e a k. a r e e v i d e n t ar t 5 0 
and 7 7 degrees on the actual pattern (Fig* 36)* The actual 
P a 1 1 e r i"i i s f i 1 1 e d i ri b e t w e e n t }*i e s e t w o p e a k. 's j u <r> t a s S k. o 1 n i k 
pr edi eled * 

A s d i s c i..i s s e d i ri C h a p t e r F o «j r ? t h e e f t e c t i v e e 1 e n e r* t 
s p a c i ri g a t 1 0 * 3 - G H Z J. s 1*60 w a v e 1 e n g t h s ♦ T hi i s i. s 1 5 2 Z o f t i t e 
element spacing in air and T8% of the element spacing in the 
d i e 1 e e t r :i. c * T h e <r> e r> e y • c e ri t a g e s a r e p r o b <t# b 1. y f u ri c 1 1 o n o f t h e 
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dielectric constant. Therefore^ the effective elenent, 



spacing of the fin- line mo nopulse systeM can probably be 
controlled by proper selection of the dielectric constant, 

2 « RocoMMendat i ons 

The f in-line nonopulse systeM should be enlarged to 
include two orthogonal difference ports. This will Make it 
useful as a target tracking antenna ['.Ref, 7 *, pp, 10-2311, 
The diaMond configuration shown in Figure ■T and t h e square 
design illustrated in Figure 5 can both be adapted to the 
f i n -- 1 i n e m o n o p u 1 s e t e c h n i q u e , 

‘ a , D i a m o n d F i n - L i n e M o n o p u 1 s e 8 y s t e m 

A sinple arrange Ment of four horns connected to 
t h r e e f i n - 1 i n e m a g i c -tee s c a n b e c o n s t r u o ted u s i n g a 
s e m i - r i g i d d i e 1 e c t r i c m a t e rial, T h i s e o n f i g u r a t i o n w 1 1 |. 
c a i "i s i s t o f t w o o f t h e f i ri - 1 i n e m o n a p u 1 s e c o m p a r a t o r 
d e v e 1 a p e d i ri t h i s t h e s i s p 1 a c e d s i d e b y s i d e , T h e d i f f e r e n c e 
ports of these two coMparstors will be the elevation and the 
azMuith ports for the new three port systeM, The sum ports 
will connect to the inputs of the third Magic™ tee. The third 
m a g i c - 1 e e ' s s u m p o i' t w i 1 1 b e t hi e s y s t e m ! s s u m p o r t , T hi e 
d i f f e r e n c e p o r t o f t h e t h :i. r d m a g i c - t e e w i 1 1 b e 1 o a d e d , 

The individual azinuth and elevation comp ar a tors 
w i 1 1 b e e 1 e c t r i c a 1 1 y o r 1 h o g o n a 1 t o e a c h o t h e r i f t h e y a r e 
each twisted *15 degrees in opposing directions. The twisting 
s ho u 1 d b e c o n f i n e d t o t h e a r e a b e t wee n t h e f i k t u r e a i "i d t h e 
horns , In this configuration the two groups of antennas will 
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be orthogonal to each other* yet all three magic-tees will 



be in the sane plane* 

b ♦ Square Fin -Line Monopulse System 

A dual p 1 a n e f :L n - 1 i n e n o n o p u 1 s e s y s t e n 
c o ri s t r u cted o u t o f s e n i - r i g i d di el e a t vie n a t e r i a 1 1 s 

illustrated in Figure *11 ♦ The dielectric material will have 

t o h e f 1 e x i b 1 e e ri o u g h t o b e n d f q e t r i g i d e n o u g ft t o p r o v :i. d e 

good electrical contact between the micro strip lines and the 
1 a u n c h e r s ♦ T h i s d e v i c e w i 1 1 r e q u i r e c a r e f u 1 e ri q i n e e r i ri g t o 
P r o p e r 1 y a 1 i g n t h e s h e e t s o f d i e 1 e c t r :i. c n a t e r i a 1 * 0 n o e t h e s e 
P r o b 1 e m s a r e s o 1 v e d t n a s s p r o d u c t i o n s h o u 1 d b e e a s q * 

C) , C 0 M p U T E R A I D E D [) E S I G N 

1 * Concl u s i ons 

T h e c a n p u t e r a i d e d d e <•:> i g n p o r t :i. o n o f t h i s t h e s s i. s 
u s e a b 1 e f ft a w e v e r i t s h o u 1 d b e e r*t 1 a r g e d t o i n e 1 u d e m o r e o f 
t h e d e s i. g i *i p r o c e s s * 

2 * R e c o n m e n d a 1 1 o n s 

F i g « j r e s 1 2 * 1 3 f a n d 1 £ 'i s ft o u 1. d b e m o d i. f i e d t o i r*i c 1 u d e 
a w i d o v r a rt g e o f d i e 1 e c t r i c c o ri s t a ri t s a n d d :i. e 1 e c t r :i. c 
thicknesses* The data in the new versions of Figures 12 and 
1 3 c a n p r o b a b ]. q b e r e p r e s e r ■ t e d b y s i n p 1 e a 1 g e b r a i c e q i .i a L i o n s 
il R e f > 1 1) * p p * 2 2 6 - 2 2 8 II * T h e n e w v e r s i. o n o f F i q u r e 1 o o u 1 d 
b e a p p r o x i n a t e d b y e x p o r*t c rt t i a 1 e q u a t i o ri s * T ft e f o u r s t e p 
t T' j. a 1 a n d e r r o r p r o c e s s p r e s e n t e d i rt 1" h a p t e r T ft r e e a h d f It e 
d e s i g r i p a r a m e t e y n <s ft o r t ft e f i. rt - 1 i ri e h o r ri s II R e f * 5 1! e a rt 

P i *• o b a ft l. q b e w r i 1 t e n i i t t h e f o r n o f a s h o r t c o n p u t e r p r o g r a m * 



information should be computerized and added to the existing 



program (Appendix A). 

The improved version of the computer aided design 
program could ask the operator? What g a i n / b e a m w i d t h 
combination is desired for the fin-line monopulse system? 
The program could then recommend the approriate dielectric 
constant and prompt the operator to place the paper on the 
P 1 o 1 1 i n g table* W h e n t h e first d r a wing is f i n i s h e d * t h e 
program could prompt the operator to change the paper* Using 
t h i s c o n c e p t * m a d e - t o - o r d e r m o n o p u 1 s e t a r g e t t r a c k i n g 
antennas could be inexpensively mass produced in a matter of 
days . 

EE * h EE EE T I N G T H EE S I S 0 E : ; J EE C T I V EE S 

Magic- tees number two and three and the monopulse system 
s a t i s f y t h e f i r s t o b j e c t i v e 1 i s t e d i n t h e i n t r o d u c t i o n * T h e 
s u m a ri d d i. f f e r e n c e p a t 1 e r n s ( F i g s * 3 6 * 3 7 f a r'i d T 0 ) a r e 

b c-> 1 1 e r t h a n e x pec t e d f o r 1 :i. m :i. t e d :i. t e r a t :i. o n s o f t h e d e s i q n 
process* They meet the second objective* The interactive 
c o m p i.j t e r a i d e d d e s i g n p r o g r a m ( A p p e n d i x A ) s a t :i s f i e s t h e 
t h i r d o b j e c t i v e . T h e r e c o m m e n d a t i o n s p r e s e n t e d i n t h i s 
c h a p t e r f u 1 f i 1 1 t h e f i n a 1 o b j e c t :i. v e o f t i”i i s t h e s :i. s . 
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APPENDIX R 

COMPUTER PROGRAM LISTING 

MSEE THESIS 

FIH-LINE MAGIC TEE, F IN-LINE HORN AND 
FIN-LINE MONOPULSE SYSTEM 

BY LCDR JAMES W. ROWLEY 

AUGUST 1985 

NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA. 
(WRITTEN ON AN HP-9845B; WITH AN HP-9872C PLOTTER) 

MISC. PROGRAMING INFO: 



! THIS PROGRAM IS WRITTEN IN "BASIC". THE FOLLOWING RULES APPLY: 

! 

I BUILT IN COMMANDS: THE ENTIRE WORD IS IN UPPER CASE LETTERS. 

! DEFINITION OF NON-STANDARD BUILT IN COMMANDS: 

I ATNO: RETURNS THE ARC TANGENT OF THE VARIABLE IN THE BRACKETS. 

! MSCALE A,B: PLOTTER IS SCALED IN MILLIMETERS. THE ORIGIN IS 

! "A" MILLIMETERS LEFT AND "B" MILLIMETERS UP FROM THE LOWER 

I LEFT HAND CORNER OF THE PLOTTING AREA. WHEN "MSCALE" IS 

I USED, ALL UNLABLED UNITS IN THE PROGRAM ARE IN MILLIMETERS. 

I PLOTTER IS "": COORDINATES THE COMPUTER AND THE PLOTTER. 

I DEG: TELLS THE COMPUTER THAT ALL ANGLES ARE IN DEGREES. 

I 

I VARIABLES: ONE UPPERCASE LETTER FOLLOWED BY NOTHING, OR FOLLOWED 

I BY A STRING OF LOWERCASE LETTERS AND/OR NUMBERS. A VARIABLE 

I CAN BE UP TO 15 CHARACTERS LONG. IF A VARIABLE IS ENDED IN A 

I DOLLAR SIGN ($), IT IS A STRING VARIABLE. DUE TO THE EXTREMELY 

I LARGE NUMBER OF VARIABLES IN THIS PROGRAM, THEY ARE DEFINED AND 

I ASSIGNED INITIAL VALUES AT THE SAME TIME. THIS PROGRAM DEFINES 

I KEY POINTS IN TERMS OF "X" AND "Y" REFERENCE PLANES. THESE PLANES 

I ARE DEFINED BY A COMBINATION OF A FEW KEY DIMENSIONS. THIS CHANGE 

i OF VARIABLES APPROACH WAS USED TO FACILITATE FUTURE DESIGN 

I MODIFICATIONS. A FOLLOW ON PROGRAMER CAN CHANGE ANY ONE OR MORE 

I OF THE KEY DIMENSIONS IN THIS PROGRAM AND THE ENTIRE DRAWING WILL 

I BE AUTOMATICALLY ADJUSTED. THIS IS A LIMITED APPLICATION OF CAD 

I (COMPUTER AIDED DESIGN). 

I 

I STEP one: determine which drawing the operator desires. 

INPUT "MAGIC-TEE (TEE); HORN (HORN); OR MONOPULSE SYSTEM (MONO)?", Drawing* 
IF Draw 1 ng*« " TEE " THEN 500 
IF Drawl ng$» "HORN" THEN 500 
IF Draw!ng*-*MONO" THEN 5O0 

GOTO 450 I ASK QUESTION UNTIL PROPER REPLY IS GIVEN. 

INPUT "DRAW FIN-LINE OR MICROSTRIP SIDE? < F/M ) , CONT " , S 1 da * 

IF S 1 da *■ " F " THEN 550 
IF S1da*-"M" THEN 550 
GOTO 500 I WRONG REPLY. 

I 

INPUT "DRAW RULER AND COMMENTS? (Y/N> , CONT" , RuUrf 
IF Ru 1 tr #■ " Y" THEN 600 1 CHECK FOR PROPER REPLY. 

IF Ru1ar*-"N" THEN 600 

GOTO 550 ! ASK QUESTION UNTIL PROPER REPLY IS GIVEN. 

I 

INPUT "QUICK LINE (I), OR PRECISION LINE ( 4 ) " , L 1 nanurabar 

IF L 1 nanunbar* 1 THEN 660 

IF L I nanu»bar*4 THEN 640 

GOTO 600 1 ASK UNTIL VALID REPLY CIVEN. 

Sag»amsiza-.04 I D I STANCE BETWEEN THE DOTS, IF A DOTTED LINE IS USED. 

I 

i STEP TWO: ADJUST THE GENERAL LAYOUT OF THE DRAWING. 



54 



670 

680 

690 

700 

710 

720 

730 

740 

750 

760 

770 

780 

790 

800 

810 

820 

830 

840 

850 

860 

870 

880 

890 

900 

910 

920 

930 

940 

950 

960 

970 

980 

990 

1000 

1010 

1020 

1030 

1040 

1050 

1060 

1070 

1080 

1090 

1100 

1110 

1120 

1130 

1140 

1150 

1160 

1170 

1180 

1190 

1200 

1210 

1220 

1230 

1240 

1250 

1260 

1270 

1280 

1290 

1300 

1310 

1320 



! 

I THIS SECTION CONTAINS REQUIRED COMMANDS FOR COMPUTER/PLOTTER 
I COORDINATION AND GENERAL COMMANDS AND VARIABLES THAT ARE . 

I USED TO ORGANIZE THE DRAWING. 

ICOORDINATES COMPUTER AND PLOTTER. 

! ALL ANGLES IN THE PROGRAM ARE IN DEGREES. 

[THIS WILL BE PRINTED ON THE DRAWING. 

1-1 PUTS THE SUM NOTCH ON THE OPPOSITE SIDE. 

1 CENTER OF DRAWING ON PAGE IN mm FROM LOWER LEFT. 

! CENTER OF DRAWING ON PAGE IN mm FROM LOWER LEFT. 
MSCALE Xcenter, Ycenter IPOSITIOHS THE DRAWING ON THE PAPER, 

Sc*1e»l \ THE ENTIRE DRAWING IS SCALED TO THIS FACTOR. 

Mm-Scale IDEFINES Mm*M I LL I METERS (DRAWN TO SCALE). 

In«25.4*Sca1e IDEFINES In=25.4 MILLIMETERS = INCH (DRAWN TO SCALE). 



PLOTTER IS " 9 8 7 2 A " 
DEG 

TitU$«"3" 

FI 1 p- 1 
Xcent er«82 
Yc ent *r«95 



LINE TYPE L i nenumber , Segment s i ze . • 

! IF Linenumber EQUALS "1", THE PLOTTER WILL DRAW 
! A REGULAR LINE. IF Linenumber EQUALS M 4 M , THE 
I PLOTTER WILL DRAW A DOTTED LINE WITH OVERLAPPING 
! DOTS. THE DOTTED LINE ELIMINATES PEN OSCILLATION 
! ERRORS, AND PRODUCES A VERY HIGH QUALITY SOLID LINE. 



STEP THREE: DEFINE THE DIMENSIONS OF THE DRAWING. 

"THE FOLLOWING VARIABLES DESCRIBE THE ENTIRE DRAWING. THE REST OF THE 
PROGRAM USES THESE VALUES TO CONSTRUCT THE DRAWINGS. 

ANY CHANGE IN THESE VARIABLES WILL RESULT IN ALL ASSOCIATED PARAMETERS 
IN THE DRAWING BEING ADJUSTED AUTOMATICALLY. 

VARIABLES ASSOCIATED WITH THE MAGIC TEE END IN A " t " SUBSCRIPT. 
VARIABLES ASSOCIATED WITH THE SINGLE HORN END WITH AN "h" SUBSCRIPT. 
VARIABLES ASSOCIATED WITH THE MONOPULSE SYSTEM END IN AN M mh M 
SUBSCRIPT. 



USER DEFINED VARIABLES: 



Er*l 0 . 2 



Lambdazero«26. 306*Mm 
Lambdad*Lambdazero/SQR ( Er ) 
„Qucoupledslots i *.4998*Lambdazero/4 



Qw1oop*.6368*Lambdazero/4 

Qwmfcrostrip=Lambdad/4 

Quh'ornftlot*.521b*Lambdazero/4 



I D I ELECTR I C CONSTANT. Er IS ONLY USED 
1 TO CALCULATE THE TEM WAVELENGTH IN 
! THE MICROSTRIP LINES. 

! FREE SPACE WAVELENGTH AT 11.4 GHZ. 

ITEM WAVELENGTH. 

! QUARTER WAVELENGTH IN COUPLED SLOTS. 

I .4998 IS 97* OF THE VALUE FOR A 
I SINGLE SLOT THAT IS NOT COUPLED. 

! QUARTER WAVELENGTH IN LOOP SLOTS. 

I QUARTER WAVELENGTH IN MICROSTRIP (TEM) 
! QUARTER WAVELENGTH IN 100 OHM SLOTS. 



I 

I THE FOLLOWING DIMENSIONS ARE EXACTLY MATCHED TO THE SIZE OF THE FIXTURE 
At « . 1 65* I n IWIDTH OF THE NOTCH IN THE COPPER FOIL THAT MATCHES THE 

! HOLE IN THE FIXTURE THAT CONNECTS THE DEVICE TO THE 
! COAXIAL LAUNCHER. 

IWIDTH OF THE MICROSTRIP TRANSITION AND OF THE WIDTH 
I OF THE CENTER CONDUCTOR IN THE COAXIAL ADAPTER. 
ITHICKNESS OF THE FIXTURE WALL THAT IS BEYOND THE 
I SUBSTRATE GROOVE. 

! D I STANCE FROM CENTER OF DIFFERENCE PORT TO THE EDGE 
I OF THE DIELECTRIC THAT IS INSIDE OF THE FIXTURE. 

! LEFT EDGE OF THE SUBSTRATE TO THE CENTER OF SUM PORT. 

! THIS VALUE MAKES THE SUM AND DIFFERENCE PORTS 
I APPROXIMATELY THE SAME LENGTH. 

'.CENTER OF SUM THE PORT TO THE RIGHT EDGE OF THE FIXTURE 
I THIS ALLOWS SUFFICIENT ROOM TO MOUNT THE FIXTURE 
I WHILE TAKING ANTENNA PATTERNS. 

! ALLOWS ROOM FOR LAUNCHERS ON RIGHT SIDE OF PORTS U.2. 

! ALLOWS ROOM FOR LAUNCHERS ON LEFT SIDE OF PORTS M.2. 



Bt *. 0238*1 n 



Ct». 03*In 



Dt «. 22* In 



Et *. 770* I n 



Ft ■ 1 . 5* I n 



Grt a 
Cl t« 



. 5* In 
. 25* I n 
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I THE FOLLOWING DIMENSIONS DEFINE THE LAYOUT OF THE MAGIC TEE; 

I THREE DIFFERENT VALUES FOR Ht ARE GIVEN. PICK THE APPROPRIATE ONE. 

I Ht"l .31 17* Mm IWIDTH OF 160 OHM LOOP SLOT. 

I H t * 1 . 674 *Mm IWIDTH OF 180 OHM LOOP SLOT. 

H t “2 . 056 *Mm IWIDTH OF 200 OHM LOOP SLOT. 

It-.340*Mm IWIDTH OF THE COUPLED SLOTS. 

J t * . 43995* Mm IWIDTH OF THE 100 OHM “HORN" SLOTS. 

K t * . 2086 *Mm IWIDTH OF NICROSTIP.' 

Lt *. 078 1 * I n I LENGTH OF THE TRANSITION IN THE SUM AND DIFFERENCE 

I NICROSTIP LINES. 

Mt *2. 54 *Mm I D I STANCE BETWEEN THE SLOTS IN THE LOOP. 

Nt«Ht+Mt/2-<It+0t/2> ! HAKES ANGLE BETWEEN PTS 36,37 AND 38 135 DECS. 

0 1 B . 266*Mm I D I STANCE BETWEEN COUPLED SLOTS. 

Pt * 1 . 5*Mm IWIDTH OF THE ISOLATION SLOT. 

Qt ■ , 8 * < D t - J t > IMAKES THE PARALLEL SLOTS 1/4 WAVELENGTH APART AND 

I AND HALF A WAVELENGTH FROM FIXTURE WALLS AT 11.4 GHZ. 
Rt«.25#In I D I STANCE BETWEEN FIXTURE AND FIRST CORNER IN SLOTS. 

$t B . 2* In (DISTANCE FROM FIXTURE TO VERTICAL SLOTS. 

IF Rt + . 1 * I n>$ t THEN $ t *Rt +. 1 * In I ALLOWS ROOM FOR LOWER BEND IN THE 

I IN THE INPUT SLOTS (OUTSIDE OF FIXTURE). 
Tt B . 3* In ‘SIDE OF 45 DEGREE CUTOUT. 

Ut *0* In 'LENGTH OF VERTICAL SLOTS. 

Vt ® 1 5*Mra I HALF OF THE SEPARATION BETWEEN THE “HORN" SLOTS. 

I THE NEXT LINE INSURES ADEQUATE SEPARATION BETWEEN THE TIPS OF THE 
I MICROSTRIP THAT EXTENDS FROM PORTS ONE AND TWO. 

IF Vt < . 35* I n THEN Vt«.35*In 

Wt « . 5* In I D I STANCE FROM “HORN" SLOTS TO EDGE OF DIELECTRIC. 

I THIS ALLOWS SUFFICIENT ROOM TO MOUNT THE LAUNCHERS. 



I THE FOLLOWING LINES DEFINE THE HORN. 

Ang 1 eh*9 . 1 I HALF OF THE HORN ANGLE. 

Nh-8 I Nh* Lamb dad » LENGTH OF HORN FLARE <Bh>. 

I 

I THE FOLLOWING DIMENSIONS ARE USED TO ADD THE MISC. DATA TO THE DRAWING. 
Sixt e*nth«l/16*In IUSED TO BUILD RULER AT THE BOTTOM OF THE DRAWING. 
Space*. 07 * I n ISPACES THE COMMENTS AND RULER AWAY FROM THE DRAWING. 

I 



I THE FOLLOWING VARIABLES ARE COMBINATIONS OF THE USER DEFINED VARIABLES, 

I AND/OR SHORT VARIABLES THAT REPLACE LONGER MORE DESCRIPTIVE VARIABLES. 

I 

Bat-Qwmf crostrip I LENGTH OF HICROSTRIP OVERLAPS. 

Bbt "Qwhorns 1 o t I LENGTH OF HORN SLOT OVERLAP. 

I THERE ARE TWO VALUES FOR Bet AND Bdt GIVEN. ONE SET MAKES A TAPERED 
I LOOP, AND THE OTHER SET MAKES A NON-TAPERED LOOP AS INDICATED. PICK 
I THE DESIRED TYPE OF LOOP GEOMETRY. 

I TAPERED LOOP: 

I Angle© IS THE ANGLE USED TO DETERMINE Bet AND Bdt. IT IS ONE HALF OF THE 
I AVERAGE OF THE TWO ANGLES FORMED BY POINTS 20,21,22 AND 36,37,38. Bet 
I AND Bdt ARE USED TO MAKE A SMOOTH TRANSITION AROUND THE CORNERS IN 
I THE LOOP. 

I Angle0=<<180-ATN<<Ht+Mt/2-It-Ot/2)/IU)>/2+<18O-ATN<ait/2-Ot/2)/Nt>)/2>/2 
I Bct«Ht/TAN<AngU0) ITHE OFFSET AT THE RIGHT SIDE OF THE TAPERED LOOP. 

I Bdt*I t/TAN<Angl *0) ! OFFSET AT EDGE OF TAPERED LOOP. 

I NON-TAPERED LOOP: 

AngU00-ATN<Nt/(Ht+Mt/2-< It+0t/2))) IFOR NON-TAPERED LOOP. 
Bct-Ht*TAN<45-Angle00/2) IFOR NON-TAPERED LOOP. 

Bdt»Ht/COS<Angl eOQ > - 1 1 *TAN< Ang 1 eO0 > IFOR NON-TAPERED LOOP. 



Bet«Jt/C0S<45)-It I OFFSET AT LEFT EDGE OF COUPLED SLOTS. 
Brt-Qucoupled»1ot*-Bei/2-Bdt/2 I LENGTH OF THE TOP OF THE COUPLED SLOTS. 
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Bgt«TAN(22.5)*Jt ! OFFSET FOR 45 DECREE BENDS IN 100 OHM SLOTS. 

I 

! 

! THE FOLLOWING CALCULATIONS MfiKE THE CENTERLINE OF THE LOOP 3/4 OF A 
I WAVELENGTH LONG. 

Arc * ( Mt + Ht ) *P I /4-Kt /2 IARC LENGTH, EXCLUDING PORTION THAT OVERLAPS THE 

l MICROSTRIP. 



SI *mp4rtonoop = SQR<(Nt + Bct/2-Bdt/2)^2+((Mt + Ht-0t-It )/2)^2) I LENGTH OF THE 

I SLANT PART OF 
! THE LOOP, 

I MEASURED ON 
! CENTERLINE. 

FI Atpart of 1 oop a 3*Qw1 oop-Arc-SI ant part oTI oop-Bdt/2 {ADJUSTABLE PART OF LOOP. 
Bht“F1atpartof1oop+Bct/2 (THIS MAKES THE LOOP 3/4 OF A WAVELENGTH LONG. 

I 



BU«Dt-Qt-It-0t/2 ! LENGTH OF 45 DEG SLOTS <IN THE M X" AND "Y" DIRECTIONS) 
! THAT ARE INSIDE OF THE FIXTURE. 

BJt«Dt-Qt-Jt I DISTANCE FROM CENTERLINE TO INPUT SLOTS < INSIDE OF 

i OF THE FIXTURE). 

Bkt-St-Rt ! LENGTH OF LOWER 45 DEGREE SECTION (IN M X" AND "Y" 

! DIRECTION) THAT IS OUTSIDE OF THE FIXTURE. 

B1t*Vt-Bjt-Bkt-Ut ! LENGTH OF UPPER 45 DEGREE SECTION (IN THE "X" AND "Y" 

! DIRECTION) THAT ARE OUTSIDE OF THE FIXTURE. 

Bmt *2^. 5*(Dt-Gt-Jt-Pt/2)-0t/2 ! D I STANCE FROM COUPLED SLOTS TO THE 

! TIP OF THE ISOLATION SLOT (IN THE M X" 

I DIRECTION). 

I (IN THE “X" AND "Y“ DIRECTIONS). 

Bnt-Pt/2 ! LENGTH OF THE VEE AT THE END OF THE ISOLATION SLOT. 

! Bra KEEPS THE SLANT PORTION OF THE ISOLATION SLOT 
! AND THE HORIZONTAL PART OF THE ISOLATION SLOT 
! EQUAD I STANCE FROM THE 100 OHM SLOTS (INSIDE OF THE 
! FIXTURE). 



I 

I THE FOLLOWING ARE COMBINATIONAL HORN VARIABLES, 

IF Driwingf^HORN” THEN 2368 I USED TO MATCH HORN TO FIXTURE. 
Ah-Ot (WIDTH OF HORNS MATCHES FIXTURE FOR MAGIC-TEE. 

GOTO 2370 



Ah-Dt-Jt/2 (WIDTH OF HORN STRIP FOR SINGLE HORN. 
Bh*Nh*Lambdad (LENGTH OF HORN FLARE FROM Xoh. 

Ch-Ah*SIN(Ang Wh) (LATERIAL OFFSET DISTANCE AT END OF HORN. 

Dh«Ah*COS(Angl eh) (VERTICAL OFFSET DISTANCE AT END OF HORN. 

Eh-Bh*SIN(Angl eh) (HALF OF HORN APERTURE. 

Fh“Bh*COS( Ang 1 eh) (HORIZONTAL LENGTH OF HORN FROM Xoh. 



! THE FOLLOWING LINE PLACES A CONDITION ON THE LENGTH OF Git. THIS IS 
! DONE TO ALLOW SUFFICENT ROOM BETWEEN THE MICROSTRIP CROSSING POINT, 

1 AND THE 45 DEGREE BEND IN THE SLOT TO THE LEFT OF THE MICROSTRIP. 

IF G1 t<St+Jt+Bl t ♦ 5 * M m THEN G1 t=St+Jt+Bl t + 5*Mra 



STEP FOUR: DEFINE M X" AND "Y" PLANES IN TERMS OF VARIABLES LISTED ABOVE. 
ALL OF THE POINTS THAT WILL BE USED TO DEFINE THE DRAWING 
SHOULD BE ON THE INTERSECTION OF TWO OF THESE PLANES. OTHER 
POINTS CAN BE DRAWN TOO, BUT ONLY IF THEY ARE DEFINED WITHIN 
THE " DRAW " COMMAND (THIS SHOULD BE AVOIDED, AS IT WILL DESTROY 
THE "CAD" ASPECT OF THIS PROGRAM). 



Xot-0 

Xat-Xot-Et-Ct 
Xbt-Xot-Et 
Xct«Xbt+Lt 
XdfXot-Kt/2-Nt- 
X«t *Xdt -Mt /2+ Bat 
Xf t *Xdt +Bht -Be t 
Xgt -Xdt ♦Bht 



(SET.S LOCATION OF DRAWING WITH RESPECT TO THE ORIGIN. 
(LEFT EDGE OF DIFFERENCE PORT. 

(LEFT EDGE OF THE DIELECTRIC WITHIN THE FIXTURE. 

(TIP OF THE DIFFERENCE NOTCH. 

Bht (CENTER OF THE LOOP HALF CIRCLE. 

(EDGE OF DIFFERENCE MICROSTRIP. 

(LOWER LEFT LOOP CORNER. 

(UPPER LEFT LOOP CORNER. 
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Xht ■Xot-flt/2 

XI t«Xot-Bt/2 

Xjt-Xot-Kt/2-Bdt 

Xkt -Xot-Kt/2 

XH-Xot+Kt/2 

Xmt *Xot +Bt /2 

Xnt “Xot +At /2 

Xpt«Xot-Kt/2+Bft 

Xqt -Xpt + Bet 

Xrt *Xp t + B I t 

Xst *Xrt+Bgt 

Xt t *Xqt + Bmt 

Xut *Xt t +Bnt 

Xut *Xot +Ft 

Xut *Xyt + R t 

Xxt -Xwt + Bgt 

Xy t "Xut + T t 

Xz t *Xvt + St 

Xaat *Xzt + Jt 

Xabt*Xaat+B1t-Bgt 

Xac t = Xaat +B 1 1 

Xadt *Xvt + G 1 t 

Xaet = Xadt + At /2-Bt /2 

Xaf t *Xadt +flt/2-Kt/'2 

Xagt *Xadt +At /2 

Xaht *Xag t +K t /2 

Xal t «Xagt + Bt /2 

XaJ t -Xadt +At 

Xak t *Xaht + Bbt 

Xal t *Xa j t +Crt 

I 

I 



! LEFT EDGE OF THE TAB OF DIELECTRIC ON THE SUM PORT. 

! LEFT EDGE OF SUM MICROSTRIP TRANSITION. 

•LONER RIGHT LOOP CORNER. 

.'LEFT EDGE OF SUM MICROSTRIP. 

IRICHT EDGE OF SUM MICROSTRIP. 

IRIGHT EDGE OF SUM MICROSTRIP TRANSITION. 

IRIGHT EDGE OF THE TAB OF DIELECTRIC ON THE SUM PORT. 
IUPPER RIGHT EDGE OF COUPLED SLOTS. 

! LOWER RIGHT EDGE OF COUPLED SLOTS. 

IUPPER LEFT EDGE OF "INPUT" SLOTS. 

ILOUER LEFT EDGE OF "INPUT" SLOTS. 

! LEFT TIP OF THE ISOLATION SLOT. 

! START OF ISOLATION SLOT TIP. 

IRIGHT EDGE OF THE FIXTURE. 

IUPPER RIGHT EDGE OF* "INPUT" SLOT. 

! LOWER RIGHT EDGE OF "INPUT" SLOT. 

I TOP OF 45 DEGREE CUTOUT. 

I LEFT SIDE OF VERTICAL SLOT. 

IRIGHT SIDE OF VERTICAL SLOT. 

I LEFT EDGE OF UPPER SLOT CORNER. 

IRIGHT EDGE OF UPPER SLOT CORNER. 

I LEFT EDGE OF INPUT NOTCH. 

I LEFT EDGE OF INPUT TRANSITION. 

I LEFT EDGE OF INPUT MICROSTRIP. 

{CENTER OF INPUT NOTCH. 

IRIGHT EDGE OF INPUT MICROSTRIP. 

IRIGHT EDGE OF INPUT TRANSITION. 

IRIGHT EDGE OF INPUT NOTCH. 

IRIGHT END OF SLOTS. 

IRIGHT EDGE OF DIELECTRIC. 



Xoh-Xut +Ch-Jt/<2*TAN<Ang1 eh) 

Xah«Xoh+Fh 

Xbh-Xah-Ch 

Xch*Xoh+Jt/<2»TAN<Ang1 eh) ) 
Xdh«Xc h-Ch 
Xeh*Xk t-Bbt 



I APEX OF HORN OPENING ANGLE 
! REFERENCED TO EDGE OF FIXTURE. 
IOUTER EDGE OF HORN OPENING. 
IUPPER OUTER EDGE OF HORN. 

I HORN MOUTH. 

IHORN/FIXTURE JOINT. 

I END OF HORN SLOT. 



I . 

I 

Xwmh«Xut-TAN<22. 5 ) *Lambdad/2 IUSED TO MOVE X34t LEFT TO X34mh. 

Xxmh-Xxt +Lambdad*<SQR< . 5)-. 125) IMOVES X25t RIGHT TO X25mh. 
Xzmh»Xzt-Lambdad/2 IUSED TO MOVE X32t/X33t LEFT TO X32tnh/X33mh . 

Xaamh = Xaat+Lambdad/'2 IUSED TO MOVE X26t/'X2?t RIGHT TO X26trth/'X27mh. 

Xabmh 3 Xabt-TAN<22.5)*<Lambdad/2) IUSED TO MOVE X3It LEFT TO X3lmh. 

Xacmh = Xact+TAN<22.5)*(Lattibdad/'2) IUSED TO MOVE X28t RIGHT TO X28wh. 



I 

I 

Yot *0 

Yat *Yot+Vt+Jt+Wt 
Ybt *Yat -<Ct +Lt ) 

Yet * Yat -T t 

Ydt *Yot +Vt +Jt 

Ye t *Yot +Vt 

Yft-Yet-BI t+Bgt 

Ygt «Yet -B 1 t 

Yht ■Yot +Dt *Ct 

Y I t-Yet-Bat 

Y j t -Yot +Dt 

Ykt-Yot+Bjt+Bkt+Bgt 

Y 1 t-Yk t-Bgt 

Ymt-Yjt-Lt 

Ynt *Yot +At/2 

Ypt-Yot+Mt/'2>Ht 

Yqt-YJt-Qt 



ITOP OF THE DIELECTRIC. 

ITIP OF INPUT NOTCH. 

I BOTTOM OF 45 DEGREE CUTOUT. 

IUPPER EDGE OF THE HORN SLOT. 

I LONER EDGE OF THE HORN SLOT. 

IUPPER EDGE OF THE UPPER SLOT CORNER. 

{LOWER EDGE OF THE UPPER SLOT CORNER. 

ITOP EDGE OF SUM PORT DIELECTRIC. 

I END OF PORT ONE MICROSTRIP. 

ITOP OF DIELECTRIC IN THE FIXTURE. 

IUPPER EDGE OF LOWER SLOT CORNER. 

SLOWER EDGE OF LONER SLOT CORNER. 

ITIP OF SUM NOTCH. 

ITOP EDGE OF THE DIFFERENCE PORT DIELECTRIC TAB. 
ITOP EDGE OF THE SLOT IN THE LOOP. 

ITOP EDGE OT THE INPUT SLOT. 
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3310 

3320 

3330 

3340 

3330 

3360 

3370 

3380 

3390 

3400 

3410 

3420 

3430 

3440 

3450 

3460 

3470 

3480 

3490 

3500 

3510 

3520 

3530 
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3550 

3560 

3570 

3580 

3590 

3600 

3610 

3620 

3630 

3640 

3650 

3660 

3670 

3680 

3690 

3700 

3710 

3720 

3730 

3740 

3750 

3760 

3770 

3780 

3790 

3800 

3810 

3820 

3830 

3840 

3850 

3860 

3870 

3880 

3890 

3900 

3910 

3920 

3930 

3940 

3950 

3960 



IUPPER EDGE OF 
I LOWER EDGE OF 
IUPPER EDGE OF 
(LOWER EDGE OF 
(LOWER EDGE OF 



TIP OF 
(LOWER TIP OF 
(LOWER TIP OF 
(LOWER TIP OF 
(LOWER TIP OF 



Yrt «Yjt-Qt-Jt 
Yst-Yot+Mt/2 
Yt t-Yot +Pt /2 
Yut -Yo t +0 1 /2+ 1 1 
Yvt-Yot +Bt/2 
Yut-Yot +0t/2 
Yxt-Yot+Kt/2 
Yyt -Yot-Kt/2 
Yzt»Yot-Bt/2 

Yaat«Yot-0t/2-U-Bat (END OF 

Yabf-YU IEND OF 

Yact — Ybt (TIP OF 

Yadt — Yat I BOTTOM 

Yaet«Yadt-$pace I TOP OF 

Yart-Yaet-2*Sf xteenth (LOWER 
Yagt -YaPt-Si xt eenth 
Yaht-Yagt-Sixteenth 
YaU-Yaht-Sixteenth 
Yajt »Yai t-Sixteenth 
Yak t-Yaet-. 57*In 
Yal t«Yaet-.72*In 
! 

! 

Yoh-Yot 
Yah*Yot+Jt/2 
Ybh-Yot+Eh 
IF Drawingf-niOIIO 
Ych-YJt 
GOTO 3610 
Ych-Yot+Qt+Jt/2 
Ydh-Ybh+Dh 
I 
I 

Ydmh-Ydt+Lambdad/2 
Y*»h*Yet-Lambdad/2 
YFmh-Yrt+TPHC22. 5)*<Lambdad/2) 
Ygfnh*Ygt-TAN<22. 5 ) * (Lambdad/2) 
Ykmh a Ykt+TAN<22. 5)*<Lambdad/2) 
Y I mh- Y I t-TAN(22.5)*<Lambdad/2) 
Yqmh-Yqt +Lambdad/2 
Yrmh a Yrt-Lambdad/2 



I LOWER EDGE OF THE INPUT SLOT. 

(LOWER EDGE OF THE LOOP SLOT. 

(TOP EDGE OF THE ISOLATION SLOT. 

(UPPER EDGE OF THE COUPLED SLOT. 

THE DIFFERENCE PORT CENTER CONDUCTOR. 
THE COUPLED SLOT. 

THE DIFFERENCE MICROSTRIP. 

THE DIFFERENCE I1ICR0STRIP. 

DIFFERENCE PORT CENTER CONDUCTOR. 

SUN PORT MICROSTRIP. 

PORT 2 M I CROSTR I P • 

LOWER INPUT NOTCH (USED TO DRAW MICROSTRIP). 
OF LOWER INPUT PORT. 

THE RULER. 

a Ruler mark. 

A RULER MARK. 

A RULER MARK. 

A RULER MARK. 

A RULER MARK. 



(FIRST LINE OF WORDS UNDER THE RULER. 
(SECOND LINE OF WORDS UNDER THE RULER. 



(CENTER OF HORN. 

(TOP OF HORN SLOT. 

(END OF HORN OPENING. 

THEN 3600 

1 PLACE WHERE HORN JOINS THE FIXTURE. 

(THIS KEEPS THE COPPER Lambdad/2 ABOVE THE SLOT. 
(TOP OF HORN. 



(USED 
(USED 
IUSED 
(USED 
(USED 
(USED 
! USED 
! USED 



TO MOVE X3 1 t 
TO MOVE X28 1 
TO MOVE X32 1 
TO MOVE X27 1 
TO MOVE X33T 
TO MOVE X26 t 
TO MOVE X34 1 
TO MOVE X25t 



STEP FIVE: CALCULATION OF CORRECTIONS THAT WILL 



UP TO X31 mh. 

DOWN TO X2Smh . 

UP TO X32mh. 

DOWN TO X26mh . 

UP TO X33mh . 

DOWN TO X26mh • 

UP TO X34mh . 

DOWN TO X25mh . 

BE USED TO REMOVE 



ERRORS FROM THE DRAWING THAT ARE CAUSED BY THE PLOTTER. 



I THERE IS A SLIGHT BIT OF LOSENESS IN THE PEN CABLE ON THE HP 9872C 

I PLOTTER. THE AMOUNT OF ERROR THAT THIS INDUCES IS WITHIN THE PLOTTERS 

I SPECIFICATIONS AND DOES NOT CAUSE ANY PROBLEM IN MOST PLOTTER 
I APPLICATIONS. HOWEVER, DUE TO THE EXTREMELY SMALL DIMENSIONS IN THE 
I AREA NEAR THE COUPLED SLOTS, THESE ERRORS MUST BE ACCOUNTED FOR IN 

I THIS PROGRAM. THESE CORRECTIONS CAME FROM EMPIRICAL TESTING AND 

I WILL HAVE TO BE ADJUSTED TO NATCH THE PARTICULAR PLOTTER THAT IS 
I BEING USED. THE In/Nm SCALING IS INTENTIONALLY OMITTED TO KEEP THE 

I THE CORRECTIONS TO THE SCALE OF THE ACTUAL DRAWING AND PEN. 

Plottercorrect 1 a . 07 
Plou»rcorrect2 B 0 
Plotttrcorrect3-0 
Ploittrcorrect4-0 

Pen-. 52 (THIS IS THE PEN THICKNESS, AND IT IS CORRECTED 

! FOR AUTOMATICALLY IN THE DRAWING. 



STEP Six: ENTER TWO MAJOR LOOPS THAT MAKE THE DESIRED DRAWING: 

THE FIRST LOOP (THE "Fi11 H LOOP) IS USED TO FILL IN THE BLACK 
PORTIONS OF THE DRAWING. THIS IS DONE BY MOVING EACH POINT OF THE 
FIGURE IN 60X OF THE PEN THICKNESS, AND THEN DRAWING IT OVER AGAIN. 
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THE SECOND LOOP (THE "Im" LOOP) IS USED TO DRAW THE FIN-LINE PATTERN. 
THE BOTTOM HALF IS ESSENTIALLY A MIRROR IMAGE OF THE TOP. THEREFORE, 
ONLY THE TOP HALF IS DEFINED. THE BOTTOM HALF IS DRAWN BY MULTIPLYING 
THE "Y" COORDINATES BY MINUS ONE. ANY HON-SYMETRIC AREAS (SUCH AS 
THE SUM PORT) ARE TAKEN CARE OF WITH "IF" STATEMENTS, THAT CHECK TO 
SEE IF THE TOP OR BOTTOM HALF IS BEING DRAWN. 



FOR Fill-1 TO 1 STEP 2 I START OF THE "Fill" LOOP. 

FOR I mage-0 TO 2 STEP 2 l START OF THE "Im" LOOP. 

Im- 1 -I mage !Im-l DRAWS THE TOP, AND Im»-1 DRAWS THE 

I BOTTOM OF THE SLQTLINE SIDE. 

IF Fill-3 THEN Segment s i ze-Segment s 1 ze*3 

IF F 1 1 1 > 1 THEN GOTO 4180 ISKIRS TO THE "Fill" ROUTINE. 

IF Im-1 THEN Penn-Pen*F i 1 1 I PLOTTER CORRECTION FOR THE 

I TOP HALF OF SLOTLINE SIDE. 

IF I m«- 1 THEN Penn=Pen*F il 1 +P 1 ot t ere orrec t 1 ! PLOTTER CORRECTION FOR THE 

! BOTTOM HALF OF THE SLOTLINE 
! SIDE. 

GOTO 4230 ISKIPS "Fill" ROUTINE ON FIRST PASS. 

IF Im-1 THEN Penn*Pen*F ill * . 60 l"Fill" ROUTINE. MOVES PEN IN 60* OF 

! IT'S WIDTH AND THEN DRAWS THE 
I FIGURE AGAIN. 



STEP SEVEN: CALCULATION OF CORRECTIONS THAT WILL BE USED TO REMOVE 
ERRORS FROM THE DRAWING THAT ARE CAUSED BY THE PEN. 



THE FOLLOWING CALCULATIONS ARE USED TO ELIMINATE ANY INACCURACY IN 
THE DRAWING DUE TO THE WIDTH OF THE PEN THAT IS BEING USED. 

THESE ADJUSTMENTS WILL AUTOMATICALLY MOVE THE PEN THE APPROPRIATE 



AMOUNT AND DIRECTION TO ACCOUNT 
Anglel»( 1 80-ATN ( ( B t -Kt ) ✓ ( 2«Lt ) ) ) '2 
Penof f set 1 -Penn/ ( 2* TAN ( Ang 1 e 1 ) ) 

I 

Ang le2»ATN(At/(2*Lt ) ) 
Penorrset2«Penn/(2*SIM(Angle2)) 

I 

Ang 1 e3- ( 1 80-ATN ( ( B t -Kt )/( 2 *( L t + Ct ) )) ) 
Penorrset3»Penn/(2*TAN(Ang1e3)) 

I 

Angl t3a«(90-( 1 30-2 * Ang 1 e3> )/2 
Penorrset3a-Penn/(2*TAN(Angle3a)) 

I 

Angl e4»ATN(At/(2*(Lt + Ct ) ) ) 
Ptnoffset4=Penn/(2*SI N( Ang 1 e4 ) ) 

I 

Angl t5-( I 80-ATN (2*Lt /At ) )/2 
Pe no fTset5-Penn/(2*TAN (AngleS)) 



HALF OF THE THICKNESS OF THE 

! HALF OF THE ANGLE FORMED BY 
I POINTS 102, 103 AND 104. 

ICORRECTS POINTS 102, 103, 106 AND 

I 107 IN THE "X" DIRECTION AND 
! POINTS 111, 112, 115 AND 116 IN 

I "Y" DIRECTION. 

I HALF OF THE ANGLE FORMED BY 
I POINTS 2,1 AND THE IMAGE OF 1. 
ICORRECTS POINT 1 IN THE "X" 

1 DIRECTION AND POINT 5 IN THE 
I "Y" DIRECTION. 

! HALF OF THE ANGLE FORMED BY 
I POINTS 118, 119 AND 120. 

ICORRECTS POINTS 119,122,125 AND 
1 128 IN THE "Y" DIRECTION. 

I HALF OF THE ANGLE FORMED BY 
I POINTS 117,118 AND 119. 

ICORRECTS POINTS 117,118, 123 AND 

I 124 IN THE "X" DIRECTION. 

I HALF OF THE ANGLE FORMED BY 
I POINTS 11, 12 AND 13. 

ICORRECTS POINT 12 IN THE "Y" 

I DIRECTION. 

I HALF OF THE ANGLE FORMED BY 
I POINTS 1,2 AND 3. 

ICORRECTS POINT 2 IN THE "Y" 

I DIRECTION AND POINTS 4 AND 5 
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4630 
4640 I 

4630 AngW6«<l80-ATN<2*<Lt + CtVAO>/2 
4660 

4670 Ptnoff*ft6-P*nn/<2*TAIKAng1e6>> 
4680 
4690 I 

4700 Ptnorf*et7-Pen/<2#TAH<67.5>) 

4710 
4720 
4730 

4740 Ptnof fst t7a«Penn/<2*C0$<45> ) 

4730 
4760 
4770 
4780 
4790 
4800 
4810 
4820 
4830 
4840 
4850 
4860 
4870 
4880 
4890 
4900 
4910 
4920 
4930 

4940 P«nof Pset h3*P«nn/2/TAN< Ang 1 eh2) 
4930 
4960 I 
4970 ! 

4980 ! STEP EIGHT: 

4990 I 
3000 ! 

5010 I 
5020 I 
5030 I 

3040 t THE FOLLOWING POINTS DEFINE 
5050 I 

3060 XH«Xct+Ptnoff*ei2 
3070 X2t«Xbl+Penn/'2 
5080 X2*l-Xbi-Penn/2 
3090 X3t-Xbt+P«nn/2 
5100 X4t -Xht -Penoffset 5 
31 10 X4*i«Xht-P«nn/2 
3120 X5fXot 
3130 X6t -Km +Penoffse t 5 
3140 X6*t«Xru+Penn/2 
5150 X7t«Xvt+Ptnn/2 
3160 X8t «Xvt +Penn/2 
5170 X9t«Xvn +Pcnn/2 
3180 X10i«Xyt+Penoffset7 
3190 XI K«XAcH-P«noffset6 
3200 X 1 2t «X*gt 
5210 Xl3t «X*j \ +PenoFTsc t 6 
3220 X14i«X*U-Penn/2 
3230 X13i«X*1 t-Pcnn/2 

5240 X16t-X*1 1-P»nn/ 2 

5230 X 1 7t «Xut-Penoff set 7 
3260 X18i«Xtt-Penoffset74 
5270 X19t-Xdt 
5280 X20t-Xdt 



I IN THE -X- DIRECTION. 

I HALF OF THE ANGLE FORMED BY POINTS 
I 10)11 AND 12. 

ICORRECTS POINTS 11 AND 13 IN THE 
! ”X" DIRECTION. 

ICORRECTS POINTS 23, 24, 25, 28 
I 31, 34, 35 AND 36 IN THE M X M 
! DIRECTION, AND POINTS 26, 27, 32 
! AND 33 IN THE “Y u DIRECTION. 
ICORRECTS POINT 18 IN THE "X H 
I DIRECTION. 



I 

Anglt8«<180-ATN<<Mt/2+Ht-Ot/2-It>/'Nt))/2 ! HALF OF THE ANGLE FORMED BY 

! POINTS 37, 38 AND 39. 

Ptnoffs*t8®Penn/'(2*TAN<Ang1 e8>) ICORRECTS POINTS 37 AND 38 IN 

I THE "X" DIRECTION. 

I 

AngU9-<180-ATN< <Mt/2-Ot/2)/OU + Bet-Bdt )) )/2 I HALF OF THE ANGLE FORMED 

I BY POINTS 21 , 22 AND 23. 

Ptnoffstt9*Penn/<2*TAN<Ang1*9)> ICORRECTS POINTS 21 AND 22 IN 

! THE M X" DIRECTION. 

I 

Angl«hl»45-AngWh IUSED TO DETERMINE OFFSETS AT END OF HORN. 
Ang1th2»<180-Ang1eh>/2 IUSED TO DETERMINE OFFSETS AT MOUTH OF HORN. 

I 

Penorrseihl=SQR<2)*Penn/2<SI!KAng1ehl> ICORRECTS 2h IN “X" DIRECTION AND 

I 3h IN U Y M DIRECTION. 

Pfnoffstth2=SQR<2>*Penn/2*C0S(Anglehl> ICORRECTS 3h III M X" DIRECTION AND 

I 2h IN THE "Y" DIRECTION. 
ICORRECTS lh AND 4h IN THE “X" 

I DIRECTION. 

DEFINE ALL NUMBERED POINTS ON THE DRAWING IN TERMS OF THE 
X- AND "Y“ REFERENCE PLANES LISTED ABOVE. 

THE PEN OFFSET CALCULATIONS ARE ENTERED HERE. THIS KEEPS THE 
REFERENCE PLANES FREE OF PEN CORRECTIONS. 

THE FIN-LINE SIDE. 



ITHIS IS FOR THE FIN-LINE SIDE OF POINT 2. 

ITHIS IS FOR THE DIELECTRIC TAB SIDE OF POINT 2. 

ITHIS IS FOR THE FIN-LINE SIDE OF POINT 4. 

ITHIS IS FOR THE DIELECTRIC TAB SIDE OF POINT 4. 

ITHIS IS FOR THE FIN-LINE SIDE OF POINT 6. 

ITHIS IS FOR THE DIELECTRIC TAB SIDE OF POINT 6. 



ITHE PEN OFFSET FOR THE ARC IS DONE WHILE MAKING THE DRAWING. 
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3290 X2lt*Xft-Penoff se t 9 
3380 X22t «XJt-Penorrset9 
3310 X23t-Xqt+Penorfset7 
3320 X24t-X*t +Penorrset7 
3330 X23t-Xxt 4Penorrs« t 7 
3340 X26t-Xaat*Penn/2 
3330 X27t«Xaat ♦Perm/ 2 
5360 X28t-X*ct+Penorfjet7 
3370 X29t -Xakt+Penn/2 
3380 X30t«Xakt+Penn/2 
3390 X3U-Xabt-PenofPstt7 
3400 X32t-Xzt-Penn/2 
3410 X33fXzt-Penn/2 
3420 X34t«Xut-Penorfsel7 
3430 X35t-Xrt-Penof t'set7 
5440 X36t-Xpt-Penorr*et 7 
3430 X37t-Xk t ♦Pcnorrstf t8 
3460 X38t *Xgt +Penor Tse t 8 
3470 X39t *Xd t 
5480 X40t*Xat -Penn/2 
5490 X41fXat-Penn/2 
3300 X4 2 t-Xht -Penn/2 
3510 X43t*Xnt+Penn/2 
5320 ! 

5530 ! 

3540 I . THE FOLLOWING POINTS DEFINE THE MICROSTRIP SIDE. 

5550 I 
5560 ! 

5370 X101t-Xat+Penn/2 
3380 X102t -Xbt-Penof Tset 1 

3590 X103fXct-Penof Pset 1 
3600 X104t -Xet-Penn/2 

5610 X103t-Xet-Penn/2 
5620 X106t-Xct-Penorrset 1 
5630 X107t«Xbt-Pcnorrstt 1 
5640 X108t -Xat+Penn/2 

3650 X109t»Xi t +Penn'2 
5660 XI 10t-Xmt-Penn/2 
5670 XI 1 lt-Xmt-Penn/2 
5680 XI 12t-Xlt-Penn/2 
3690 X113t-XI t-Pcnn/2 
3700 XI 14t-Xkt+Penn/2 
3710 XI 13t«XkwPenn/2 
3720 XI 16t-XU+Penn/2 
5730 XI 17t «Xaet+Penorr*et3a 
574 0 XI 18t-Xai t -PenoP P se t 3a 
3750 XI 19t-Xaht-Penn/2 
5760 X120t«X*hi -Penn/2 
3770 X12U-XaPt+Penn/2 
3780 X122t«XaPt+Penn/2 
3790 X123t «Xa» t -PenoPPse t 3a 

3800 X124l«Xaet*PenoPPset3a 
5810 X125t-Xaf t+Penn/2 
5820 X126t«XaPt+Penn/2 
3830 X127t-Xaht -Penn/2 
3840 X128t-Xaht -Penn/2 
5850 I 

3860 I THE FOLLOWING POINTS DEFINE THE HORN. 

3870 Xlh*Xdh+PenoPPseth3. 

3880 X2h*Xbh-PenoPPsethl 
3890 X3h«Xah-PenoPPseth2 
3900 X4h«Xch-PenoPPseth3 
5910 X5h-Xeh-Penn/2 
3920 X6h-Xeh-Penn/2 
3930 I 

5940 I THE FOLLOWING POINTS ARE USED TO MERGE THE MAGIC-TEE AND HORN INTO THE 
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3930 I MONOPULSE SYSTEM* 

3960 X25®h-Xx*h-Penorr*et7 
5970 X26mh«Xa*mh-Penn/2 
5900 X27mh-Xa4»h-Penn/2 
3990 X28mh*Xacmh-Penof f *e 1 7 
6000 X31»h«Xabmh+-Penof fset 7 
6010 X32»h-Xzmh+Penn/2 
6020 X33mh«Xzmh+Penn/2 
6030 X34»h«Xwmh+Penof f set 7 
6040 I 

6030 I THE FOLLOWING POINTS ARE USED TO DRAW THE RULER, BULL'S EYES AND 
6060 I COMMENTS* 

6070 XI 50t «Xat I LEFT SIDE OF THE RULER. 

6080 Xbul1UrfX4t + .23Mn ICENTER OF LEFT BULL'S EYE. 

6090 Xbu11rlght«Xa1 t-.25*In ICENTER OF RIGHT* BULL'S EYE. 

6100 I 
6110 I 

6120 I THE FOLLOWING LINES DEFINE THE “ Y* COORDINATES OF THE FIN-LINE SIDE. 

6130 I 

6140 Ylt-Yot 

6150 Y2t“Ynt+Penorfset5 

6160 Y2*t -Ynt+Penn/2 

6170 Y3t-Yjt-Penn/2 

6180 Y4t-Yjt-Penn/2 

6190 Y4at-YJt+Penn/2 

6200 Y3t-Y»t-Penoffset2 

6210 Y6fYJt-Penn/2 

6220 Y6at-YJt+Penn/2 

6230 Y7t «Y j t -Penn/2 

6240 Y8t-Yct-Penn/2 

6230 Y9fYat-Penn/2 

6260 Y10t-Yat-Penn/2 

6270 Yllt-Yat-Penn/2 

6280 Y12t-Ybt-Penof fset4 

6290 Y13t«Yat -Penn/2 

6300 Y14fYat-Penn/2 

6310 Y 13t *Yt t +Penn/2 

6320 Y16t-Yot 

6330 Y17t«Ytt+Penn/2 

6340 Y18t-Yot 

6330 Y 19t ■ Yot 

6360 Y20t-Yst -Penn/2 

6370 Y21t-Yjt-Penn/2 

6300 Y22t-Ywt -Penn/2 

6390 Y23t-Ywt-Penn/2 

6400 Y24t-Yrt-Penn/2 

6410 Y25t«Yrt -Penn/2 

6420 Y26t-YU-Penoffset7 

6430 Y27fYgt-Penorrset7 

6440 Y28t “Yet -Penn /2 

6430 Y29t *Yet -Penn/ 2 

6460 Y30t-Ydt+Penn/2 

6470 Y31t-Ydt+Penn/2 

6480 Y32t-Yft+Penofr*et7 

6490 Y33t-Ykt+Penoffset7 

6300 Y34t-Yqt+Penn/2 

6310 Y33t-Yqt+Penn/2 

6320 Y36t-Yut+Penn/2 

6530 Y37t-Yut+Penn/2 

6540 Y38t-Ypt+Penn/2 

6550 Y39t-Ypt+Penn/2 

6560 Y40t-Yot 

6370 Y41t-Ynt+Penn/2 

6380 Y42t-Yht+Penn/2 

6390 Y43t-Yht+Penn/2 

6600 I 
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6513 I 

6623 I THE FOLLOWING POINTS DEFINE THE MICROSTRIP SIDE. 

6633 Y101t»Yvt-Penn/2 
6643 Y102t-Yvt-Penn^2 
6653 Y103t-Yxt-Penn'2 
6663 Y104t“Yxt-Penn/2 
6673. YI35t-Yyt+Penn^2 
6683 Y136t-Yyt+Penn^2 
6693 Y137t-Yrt+Penn/2 
6733 Y138t-Yrt+P«nn/2 
6713 Y109t»Yht-Penn-'2 
6723 Y110t-Yht-Penn/2 
6733 Y1 1 lt«Yjt+Penofrset 1 
6740 Y112t*Ymt+Penoffset 1 
6753 Y113l-Y*»t+Penn^2 

6760 Y1 14t-Y**t+Penn'2 
6773 Y1 l5t»Ymt+PenorPtet 1 
6783 Y116t»Yjt+Per»offsetl 
6793 Y1 17t»Yit-Per>n/2 
6833 Y118t-Yat-Penn/2 
6813 Y119t-Ybt+Penoffset3 
6823 Y123t-YH+P«nn^2 

6833 Y12It-YH+Perm/'2 
6843 Y122t-Ybt+Penoffset3 
6850 Y123t-Y4dt+Penn/2 
6860 Y124t-Yadt+P»rm'2 
6873 Y125t-Yact-Penof Pset3 
6880 Y126t-Yabt»Penn^2 
6890 Y127t-Yabt-Penn/'2 
6900 Y128t-Yact-Penorrset3 
6913 I 

6923 Ylh-Ych-Perm/2 
6930 Y2h-Ydh-Penoff*eth2 
6940 Y3h"Ybh+Penof Psethl 
6950 Y4h»Y*h+Penn'2 
6963 Y5h-Y*h+Penn/2 
6970 Y6h-Yot 
6983 I 

6990 I THE FOLLOWING POINTS ORE USED TO MERGE THE MRGIC-TEE AND THE HORN 
7300 I INTO THE MONOPULSE SYSTEM. 

7010 Y25mh»Yrmh+Penri' / 2 
7320 Y26ah»Y1 mh+Penof Tset7 
7033 Y27mh«Ygmh+Penof Tset 7 
7340 Y28mh-Yemh + Penn/'2 
7053 Y3 1 mh“Ydmh-Penn/2 
7363 Y32ah-Yrmh-Penorfset7 
7373 Y33»h«Yki»h-Penorrset7 
7383 Y34mh»Yqmh-Penn< / 2 ' 

7393 I 

7103 I THE FOLLOWING POINTS ORE USED TO DRAW THE BULL'S EYES. 

7113 Ybul 1 top«Y*t +2*Sp*c e 
7123 Ybul 1 bot tora»-Ybu 1 1 1 opt 
7130, I 

7140 I STEP NINE: MAKE THE DESIRED DRAWING. 

7153 I 

7163 I THE CENTER OF THE DRAW INC IS Xo,Yo. THIS IS THE POINT WHERE THE 
7173 I CENTERS OF THE SUM AND DIFFERENCE MICROSTRIP LINES WOULD CROSS IF 
7183 I EXTENDED. ALL OF THE DRAWINGS ARE REFERENCED FROM Xo,Yo. 

7190 I 

7200 IF Dr»ulng*--TEE* THEN 7600 ISKIP TO MAGIC-TEE SECTION. 

7213 IF Dciuing*-“MONO" THEN 8700 ISKIP TO THE NONOPULSE SYSTEM SECTION. 
7220 I 

7233 I THIS SECTION DRAWS THE FIN-LINE SIDE OF A SINCLE FIN-LINE HORN. 
7243 I 

7250 IF SIde*-“M* THEN 7450 ISKIP TO MICROSTRIP SIDE. 

7260 MOVE Xlt.Ylt 



7270 DRAM X2t,Y2i*Im 
7280 DRAM X3t,Y3i*I» 

7290 IF I*-l*FHp THEN 7330 

7300 DRAM X4t,Y4t*Im 

7310 DRAM X5t,Y5t*Im 

7320 DRAM X6t , Y6t*lm 

7330 COSUB 10250 ! DRAMS HORN. 

7340 ! THE NEXT FEM LINES OUTLINE THE DIELECTRIC TABS TO HATCH THE FIXTURE. 

7350 MOVE X40t,Y40l 

7360 DRAM X4 1 1 , Y4 1 1 * I m 

7370 DRAM X2at,Y2at*Im 

7380 IF Ii«-liFHp THEN 7430 

7390 MOVE X4at,Y4at*Im 

7400 DRAM X42t,Y42t#Im 

7410 DRAM X43t,Y43t*Im 

7420 DRAM X6at,Y6at*Im 

7430 NEXT Image 

7440 GOTO 7570ISKIP M1CROSTRIP SIDE. 

7450 I THIS SECTION .DRAMS THE MICROSTRIP SIDE OF THE THE FIN-LINE HORN. 

7460 MOVE X 1 09t , Y1 09t 
7470 DRAM XI 10t , Y1 10t 
7480 DRAM XI 1 It, Y1 1 It 
7490 DRAM X112t,Y112t 

7500 Ybottomhms=Yot-Jt/2-Qwm1crostrip+Penn/2 \ ONLY POINT UNIQUE TO HORN. 

7510 DRAM XI 13t,Ybottomhms 

7520 DRAM XI 1 4t , Ybot t omhms 

7530 DRAM X115t,Y115t 

7540 DRAM X116t,Y116t 

7550 DRAM X109t,Y109t 

7560 ! 

7570 NEXT Ft 1 1 

7580 GOTO 9380 I SKIP TO THE RULER SECTION. 

7590 I 

7600 I THIS SECTION DRAMS THE MAGIC-TEE. 

7610 I 

.7620 IF S1de$-“M - THEN 8230 1THIS SKIPS TO MICRO-STRIP SIDE. 

7630 I 

7640 I THIS SECTION DRAMS THE FIN-LINE SIDE OF THE FIN-LINE TEE. 

7650 MOVE XI t , Y1 1 * I m 

7660 DRAM X2i,Y2t*Im 

7670 DRAM X3\,Y3t*Im 

7680 IF l»-l*Fllp THEN GOTO 7720 

7690 DRAM X4t,Y4t*Im 

7700 DRAM X5t,Y5l*Im 

7710 DRAM X6t,Y6t*Im 

7720 DRAM X7 t,Y7i*Im 

7730 DRAM X8i,Y8t*Im 

7740 DRAM X10t,Y10t*Im 

7750 DRAM Xm,Yllt*Xn 

7760 DRAM X12t,Y12t*lm 

7770 DRAM X13t,Y13t*Im 

7780 DRAM X14t,Y14t*Im 

7790 DRAM X16t,Y16t*Im 

7800 MOVE X19t-Mt/2+Penn/2,Y19t 

7810 FOR Angle-89 TO 180 STEP 2 

7820 X-X19t-<Mi/2-Penn/2)*SIN<Angl e> 

7830 Y-<Y19t-<Mt/2-Penn/2>*C0S<Angl e)>*Im 

7840 DRAM X,Y 

7850 NEXT Angle 

7860 DRAM X21t,Y2U*Im 

7870 IF Y22t > Yot THEN GOTO 7900 IKEEPS PEN BETMEEN COUPLED SLOTS. 

7880 Y22t -Yot 
7890 Y23t -Yot 
7900 DRAM X22t,Y22t*Im 
7910 DRAM X23i,Y23t*I« 

7920 DRAM X24t,Y24t#Im 
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7930 


DRAM X25t,Y25t*Ia 


r 


7940 


DRAM X28t y Y28t * I a 




7950 


DRAM X29t , Y29 1 * I m 




7960 


DRAM X30 1 , Y30t * I m 




7970 


DRAM X31t,Y31t*I» 




7980 


DRAM X34t,Y34t*Im 




7990 


DRAM X35t,Y35ttIm 




8000 


DRAM X36t , Y36t * I a 




8010 


DRAM X37t,Y37t*I« 




8020 


DRAM X38t , Y38t *Iw 




8030 


DRAM X39 1 , Y39 1 * I m 




8040 


FOR Angle-0 TO 91 STEP 1 




8050 


X-X19t-<Mtx2 + Ht*'Penn/2)*SIN<Ang1 e) 




8060 


Y-<Y19t+<Mt/2+Ht +Penn/2>*C0$<Ang1 e) )* I» 




8070 


DRAM X, Y 




8080 


NEXT Angle 




8090 


MOVE X40t,Y40t 




8100 


DRAM X41t f Y41t*Im 




8110 


DRAM X2at,Y2at*Im 




8120 


IF Im— l*Flip THEN GOTO 8170 




8130 


MOVE X4at,Y4at*Im 




8140 


DRAM X42t,Y42t*Im 




8150 


DRAM X43t , Y43t * Im 




8160 


DRAM X6at,Y6at*Ira 




8170 


MOVE X 1 , Y 1 




8180 


NEXT Image 




8190 


GOTO 8560 \ FIN-LINE SIDE IS COMPLETE. THIS COMMAND 


SKIPS THE 


8200 


! MICROSTRIP SIDE, AND CONTINUES ON MITH 


THE PROGRAM. 


8210 


! 




8220 


! THE FOLLOMING SECTION DRAMS THE MICROSTRIP SIDE OF 


THE MAGIC-TEE. 


8230 


MOVE X101t,Y10U 




8240 


DRAM X 1 02t , Y 1 02t 




8250 


DRAM X 1 03t , Y 1 03t 





8260 DRAW X104t,Y104t 
8270 DRAW XI 05 t , Y 1 05t 
8280 DRAW XI 06t , Y 1 06 t 
8290 DRAM X107t , Y107t 
8300 DRAW X108t , Y108t 
8310 DRAW Xl01t,Y101t 
8320 MOVE X 1 09 1 , Y 1 09t *F 1 ip 
8330 DRAW X110t , Y110t*F1 ip 
8340 DRAM X 11 1 t , Y 1 1 1 t #F H p 
8350 DRAM XI 12t , Y 1 1 2t «F1 Ip 
8360 DRAM X 1 1 3 1 , Y 1 1 3t *F 1 ip 
8370 DRAM XI 14t , Y1 1 4 1 *F1 i p 
8380 DRAM XI 1 5t , Y 1 1 5 t *F 11 p 
8390 DRAM XI 16t , Y1 16t«FHp 
8400 DRAM X 1 09 1 , Y 1 09 1 *F 1 ip 
8410 MOVE X117t,Y117t 
8420 DRAM XI 18t , Y1 16t 
8430 DRAM X119t,Y119t 
8440 DRAM X120t,Y120t 
8450 DRAM X121t,Y121t 
8460 DRAM Xl22t,Y122t 
8470 DRAM XI 1 7 t , Y1 17t 
8480 MOVE X 1 23 1 , Y 1 23 1 
8490 DRAM X124t,Y124t 
8500 DRAM X125t|Y125t 
8510 DRAM X 1 26t , Y1 26 t 
8520 DRAM X127t,Y127t 
8530 DRAM Xl28t,Yl28t 
8540 DRAM X123t,Y123t 

8550 ! THIS SECTION IS COMMON TO BOTH THE FIN-LINE AND THE MICROSTRIP SIDES 

8560 \ THE NEXT FEM LINES PLACE THE HUMBER OF THE MAGIC TEE NEAR THE DEVICE 

8570 CSI2E . 06* In, . 5 
8580 MOVE Xvt ♦Penn, Yet +. 60*Tt*Penn 
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8390 
86 00 
8610 
8620 
8630 
8640 
8650 
8660 
8670 
8680 
8690 
8700 
8710 
8720 
8730 
8740 
8750 
8760 
8770 
8780 
8793 
8800 
9810 
8820 
8830 
8840 
0850 
8860 
8870 
8880 
8890 
8900 
8910 
8920 
8930 
8940 
8950 
8960 
8970 
8980 
8990 
9000 
9010 
9020 
9038 
9040 
9050 
9060 
9070 
9080 
9090 
9100 
9110 
9120 
9130 
9140 
9130 
9168 
9170 
9180 
9190 
9200 
9210 
9220 
9230 
9240 



LABEL Title* IDRAWS THE NAME OF THE TEE OH THE DEVICE. 

NEXT FI 1 1 

GOTO 9380 IMAGIC-TEE IS DOME, SKIP TO THE RULER SECTION. 

I 

! THIS SECTION DRAWS THE FIN-LINE SIDE OF THE MONOPULSE SYSTEM. 

I 

IF Slde*-*^" THEN 9170 1SKIP TO MICROSTRIP SIDE. 

MOVE Xlt,Ylt*Im 
DRAW X2t , Y2t * I m 
DRAW X3t , Y3t * I m 

IF Im«-l*Fllp THEN 8730 IFlip CONTROLS THE LOCATION OF PORT-3. 
DRAW X4 1 1 Y4 1 * I m 
DRAW X5t , Y5t * I m 
DRAW X6t,Y6t*Im 

DRAW X7t,Y7t*Im ITHIS IS THE UPPER J.EFT EDGE OF THE FIXTURE. 

DRAW X34mh,Y34mh*Im ITHIS IS THE FIRST POINT IN THE MONOPULSE SYSTEM 
I PORTION. 



DRAW X31mh, Y31mh*Im * 

Imm-Im IUSED TO DRAW HORN CORRECTLY. 

GOSUB 10250 IDRAW HALF OF THE HORN. 

DRAW X31t,Y31t*Im 
DRAW X34 1 , Y34 1 * I m 
DRAW X35t , Y35t * I m 
DRAW X36t ) Y36 1 * I m 
DRAW X37t , Y37t * I m 
DRAW X38t , Y38t * I m 
DRAW X39t , Y39t * I m 

FOR Angle-0 TO 91 STEP 1 INEXT FIVE LINES DRAW THE LEFT QUARTER ARC. 
X*X19t-<Mt/2+Ht+Penn/2)*S IlKAngl e) 

Y»<Y19t + <Mt/2 + Ht ♦Penn/2) *COS<Angl e> >*Im 
DRAW X f Y 
NEXT Angle 

MOVE X25mh,Yot IMOVE BACK TO CENTER OF THE MONOPULSE SYSTEM PORTION 

DRAW X28mh ,Y28rah*I» 

I mm— Him IFLIPS Im IN THE HORN SUBROUTINE TO DRAW BOTTOM HALF OF HORN 

GOSUB 10250 IDRAW BOTTOM HALF OF THE HORN 

DRAW X28t , Y28 1 # I m ITHIS IS THE MAGIC-TEE PORTION AGAIN. 

DRAW X25t , Y25t * I m 

DRAW X24 1 , Y24 1 * I m 

DRAW X23t,Y23t*Im 

DRAW X22 1 , Y22t * I m 

DRAW X21t,Y21t*Im 

DRAW X20 1 , Y20t * I m 

FOR Angle-0 TO 91 STEP 1 

X«X19t-<Mt/2-Penn/2>*SIN<Ang1 e> 

Y-<Y19t + <Mt /2-Penn^2 ) *COS < Ang 1 e ) ) e I m 



DRAW X, Y 



NEXT Angle 
MOVE X40 1 1 Y4 0 1 
DRAW X41t # Y41t*Im 
DRAW X2*t , Y2*t * I m 
IF I®— 1 *F 1 Ip THEN 9150 
MOVE X4*t , Y4*t#Im 
DRAW X42t , Y42t * I m 
DRAW X43t,Y43t*Im 
DRAW X6at , Y6at * I m 
NEXT Image 

GOTO 9360ISKIP THE MICROSTRIP SIDE. 

I THIS SECTION DRAW? THE MICROSTRIP SIDE OF THE MONOPULSE SYSTEM. 

MOVE X101t|Y101t 

DRAW XI 02t , Y 1 02t 

DRAW X 1 03t , Y 1 03 t 

DRAW X104t ,Y104t 

DRAW X 1 05t , Y 1 05 t 

DRAW X106t,Y106t 

DRAW X107t f Y107t 
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92 30 

9260 

9270 

9280 

9290 

9300 

9310 

9320 

9330 

9340 

9350 

9360 

9370 

9380 

9390 

9400 

9410 

9420 

9430 

9440 

9450 

9460 

9470 

9480 

9490 

9500 

9510 

9520 

9530 

9540 

9550 

9560 

9570 

9580 

9590 

9600 

9610 

9620 

9630 

9640 

9650 

9660 

9670 

9680 

9690 

9700 

9710 

9720 

9730 

9740 

9750 

9760 

9770 

9700 

9790 

9800 

9810 

9820 

9830 

9840 

9050 

9860 

9870 

9880 

9890 

9900 



DRAW XI 08t , Y 1 08t 
DRAW X10U,Y101t 
MOVE X 1 09 t , Y 1 09 t 
DRAW XI 10t , Y1 10t 
DRAW XI 1 U f Y1 1 U 
DRAW XI 12t f Y112t 
DRAW X 1 1 3t , Y 1 1 3t 
DRAW XI 1 4t , Y 1 1 4 1 
DRAW X 1 1 5t , Y1 1 5 1 
DRAW XI 16t, Y116t 
DRAW X 1 09t , Y 1 09 t 
NEXT Fi 1 1 
I 

I THIS SECTION DRAWS THE RULER AND COMMENTS. 

I 

IF Ru1er*-“N" THEN 10200 

I THE NEXT PORTION OF THE PROCRAM DRAWS THE NUMBERS AND COMMENTS BELOW 
I THE RULER. 

LINE TYPE 1 ITHIS RETURNS THE PLOTTER TO A NORMAL HIGH SPEED LINE. 

Penn-Pen 

FOR I«1 TO 3*$ca1e STEP 1 
Penn*. 8*Pen+Penn 

CSI2E • 1 35* In, .35 ! (HEIGHT OF LETTERS ), <WI DTH/HE I GHT RATIO) 

MOVE XI 50t + . 85* In+Penn, Yaj t-Penn 
LABEL “1" 

MOVE X 1 50t + 1 . 85* I n+Penn, Yaj t -Penn 
LABEL "2" 

MOVE X 1 50t +2. 85* I n + Penn , Yaj t -Penn 
LABEL "3" 

IF I >Sc al e THEN GOTO 9800 
MOVE X150t+Penn, Yakt +Penn 

CSI2E . 08* I n , . 4 8 KHEIGHT OF LETTERS ) , < W I DTH/HE I GHT RATIO) 

LABEL “WHEN REDUCED TO 1 : 1 SCALE, THIS“ 

MOVE X150t+Penn, YaU + Penn 

LABEL “RULER WILL BE EXACTLY IN INCHES. “ 

I 

! THE FOLLOWING LINES DRAW THE COMMENTS BETWEEN THE BULL'S EYES. 

MOVE Xbul 1 1 eft + . 2* In + Penn, Ybul Itop + Penn 
LABEL “MAGIC TEE “ ; T i tlef," by LCDR ROWLEY" 

I 

I THE FOLLOWING LINES DRAW THE BULL'S EYES. 

MOVE Xbul 1 1 eTt + Penn , Ybu 1 1 1 op+ . 15*In + Penn 
DRAW Xbu 1 1 1 ef t +Penn , Ybu 1 1 t op- . 05* I n+Penn 
MOVE Xbu 1 1 left-. l*In+Penn,Ybu1 1top + Penn+.05*In 
DRAW Xbul 1 1 eft + . l*In + Penn,Ybul 1 top+Penn+.05*In 
FOR Angle-0 TO 360 STEP 5 

DRAW . l*In*C0S<Ang1e)+Xbu1 1 lefl+Penn, . l*In*SIN<Ang1e)+Ybu1 1top+.05*In+Penn 
NEXT Angle 

MOVE Xbul 1right+Penn,Ybu1 1 top+. 15*In+Penn 
DRAW Xbul 1 r i ght + Penn, Ybu 1 1top-.05*In+Penn 
MOVE Xbu 1 1 r 1 ght - . l*In+Penn,Ybu1 1top+Penn+.05*In 
DRAW Xbul 1right+. l*In+Penn,Ybu1 ltop+Penn+.05*In 
FOR Ang*0 TO 360 STEP 5 

DRAW . l*In*C0S<Ang)+Xbu1 Iright+Penn, . l*In*SIN<Ang)+Ybu1 1 top+.05*In+Penn 
NEXT Ang 
NEXT I 

I THE NEXT SEGMENT OF THE PROGRAM DRAWS THE RULER. 

J-l 

Penn-Pen 

FOR 1-0 TO 6 STEP 1 ’ 

J- J+ 1 

X150t-Xat+I*<.5*In) 

MOVE X150t+Penn, Yaet I TOP OF THE RULER. 

I THE RULER IS DRAWN III SIX HALF INCH SEGMENTS. THE ODD SEGMENTS START 
I WITH A LONG INCH NARK, WHILE THE EVEN SEGMENTS START WITH A SHORTER 
I HALF INCH MARK. THE NEXT SEVEN LINES CONSTRUCT THE FIRST MARK IN EACH 
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9910 
9920 
9930 
9940 
9930 
9960 
9970 
9980 
9990 
10000 
10010 
10020 
10030 
10040 
10030 
10060 
10070 
10080 
10090 
10100 
101 10 
10120 
10130 
10140 
10130 
10160 
10170 
10180 
10190 
10200 
10210 
10220 
10230 
10240 
10250 
10260 
10270 
10280 
10290 
10300 
10310 
10320 
10330 
10340 
10330 
10360 
10370 
10380 
10390 
10400 
10410 
10420 
10430 
1044O 
10450 
10460 
10470 
10480 
10490 
10300 
10310 
10320 
10330 
10340 
10330 
10560 



I HALF INCH SEGMENT • 

IF 1-1 THEN GOTO 9980 

. IF 1*3 THEN GOTO 9980 

IF 1*5 THEN GOTO 9980 

DRAW X150t+Penn, Yajt 
IF 1-6 THEN GOTO 10150 
GOTO 10000 
DRAW X150t+Perm, Yait 



! SKIPS TO THE HALF INCH MARK LENGTH. 

ISKIPS TO THE HALF INCH MARK LENGTH. 

ISKIPS TO THE HALF INCH MARK LENGTH. 

ITHIS IS THE INCH MARK (LONGEST LINE). 

.'THIS TERMINATES THE RULER AFTER THREE INCHES. 

! TH I S SKIPS THE HALF INCH MARK LENGTH. 

! TH I S IS THE HALF INCH MARK LENGTH. 

! THE NEXT 14 LINES DRAWS EACH HALF INCH SEGMENT OF THE RULER. 

MOVE X150t+Penn + Sixteemh, Yaet 
DRAW X150t+Penn+Si xt eenth, Yaft 
MOVE X150t+Perm+2*Sixteenth,Yaet 
DRAW X150t+Penn+2*Si xt eenth, Yagt 
MOVE X150t+Penn+3*S(xteenth, Yaet 
DRAW XI 50t +Penn+3*S i xteenth, Yaft 
MOVE X150t+Penn+4*Si xteenth, Yaet 
DRAW X150t+Penn+4*S(xteenth, Yaht 
MOVE XI 50t +Pe nn+5*S ( x t eent h, Yae t 
DRAW X150t+Perm+5*Sixteenth,Yaft 
MOVE X150t +Perm+6*S i xt eenth, Yaet 
DRAW X150t +Penn+6*S \ xteenth, Yagt 
MOVE XI 50t+Penn+7*Si xteenth, Yaet 
DRAW X150t+Penn+7*S(xteenth,Yaft 
.NEXT I 

IF J>8*Scale THEN GOTO 10200 (THIS TERMINATES THE PROGRAM WHEN LINES ARE 

! ARE THICK ENOUGH. 

I THIS SHIFTS THE RULER SLIGHTLY AND REDRAWS 
I IT. THIS MAKES THE LINES THICK ENOUGH. 

! THIS CONTINUES THE LOOP. 

! THE PEN IS PUT BACK IN THE HOLDER. 

I THE PEN DRIVE ARM IS MOVED ASIDE. 



Penn*Penn+Pen 



GOTO 9840 
PEN 0 

MOVE 3000,300 
STOP 
I 

I STEP ten: HORN SUBROUTINE. 

I THE FOLLOWING SUBROUTINE DRAWS HALF OF THE HORN AT A TIME. 
IF Drauing$- M HORN M THEN 10320ISKIP OFFSET FOR SINGLE HORN. 
Xof f *Xac t -Xvt +Lambdad 



Yoff-(Vt+Jt/2)*Im 



(MOVES HORN OPENING ONE WAVELENGTH LEFT OF THE 
I LAST SLOT BEhD (MOHOHORN ONLY). 

! MOVES HORN OPENING UP/DOWN TO MATCH SLOTS IN 
! THE MONOPULSE SYSTEM. 

ISKIP TO DRAWINC ROUTINE. 

INEEDED FOR SINGLE HORN ONLY. 

I I NSURES OFFSETS ARE ZERO FOR SINGLE HORN. 



GOTO 10350 
I mm* I ra 
Xof T-0 
Yoff-0 

DRAW Xlh+Xoff , Ylh*I»m+Yoff 
DRAW X2h+Xoff, Y2h*Imm+Yoff 
DRAW X3h+Xoff , Y3h* Imm+Yoff 
DRAW X4h+Xoff,Y4h#Imm+Yoff 

IF Draulng^*"MONO M THEN 10420 [POINTS 58,6 ARE FOR THE SINGLE HORN ONLY. 
DRAW X5h+Xoff,Y5h*Im+Yoff 
DRAW X6h+Xoff , Y6h#If rt +Yoff 

I THE NEXT PORTION DRAWS THE DOTTED LINE OF THE LENS ARC. 

IF Fill >1 THEN 7430 

LINE TYPE 4 , • 5*Sc a 1 e I DOTTED LINE. 

FOR Beta*0 TO Angleh STEP 1 I Be t a< MAX) *Ang 1 eh. ' 

I THE FOLLOWING LINES ARE THE EQUATION THAT DEFINES A PARALLEL 
! PHASE FRONT LENS. 

AArc*l-COS< Bet a) 

Bare -l-COS(Angleh) 

Carc*USQR(Er)-COS<Beta) 

Darc*COS(Angt eh) - 1 /SQR < Er ) 

Earc*COS(Bet a>*< l-SQR(Er)) 

Brh*Bh*<Aarc + Barc *Carc/Darc )/Earc 
Radh*Bh+Brh+Pen 



Xarc »Xoh*Radh*COS (Beta) 



(THICKNESS OF LENS. 

(RADIUS FROM Xoh.Yoh TO LENS EDGE. 

! Bh IS RADIUS OF ARC WITHOUT LENS. 
(X POSITION OF ARC. 
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10370 Yarc -Yoh+Radh*S IN<Beta> IY POSITION OF ARC. 

10380 IF Beta-0 THEM MOVE Xarc +Xoff , Yarc + Yofr 1POSITIOHS PEN FOR ARC. 

10590 DRAW Xarc+XofT, Yarc * I mra + Yof T 
10600 NEXT Beta 

10610 IF Drawi ngl“"H M THEN 10650 1 FOLLOWING LINES ARE FOR MONOHORN ONLY. 

10620 MOVE X4h + Xorf\ Y4h*Imra+Yorf IRETURNS DRAWING TO PROPER POINT AFTER LENS IS 
10630 1 IS DRAWN. 

10640 LINE TYPE L I nenumber, Segment s i ze IRETURNS LINE TYPE TO PREVIOUS SETTING. 
10630 RETURN 
10660 END 
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APPENDIX B 

FIGURES 



FIN-LINE MRGIC-TEE NUMBER THREE 



PORT 2 




Figure 1 Fin-Line Magic-Tee. 
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Figure 4 Diamond Monopulse Feed. 
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Figure 5 Square Monopulse Feed. 
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Degrees Left(— ) and Right(+) of Boreslght . 

CD CSJ CD Q CD CD 

<n co cn CD co co cn 




Computer Simulation of Rctual 
Element Pattern. 




Figure 6 Simulated and Rctual Element Pattern. 
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Spacing between elements of a Monopulse Feed, 
showing the elements in phase with each other. 
Each element is represented by a delta function. 
The element pattern Is accounted for later. 




Fourier Transformed Sum Group pattern. 



NOTES: 

1. X^SINCThetaJKCS/Lambda) ; Theta Is the angle 
left(-), or right(+), of the antenna's boresight. 
V S' Is the spacing between the antenna elements. 

2. Rt +/- 90 degrees, SIN(Theta) reaches It's 
maximum value of one. These two pionts are called 
the pattern's visible limits. They occur where 
X“+/— ( 1 (S/Lambda) on the transformed pattern. 

Ftgure 7 Theoretical Sum Group Pattern. 
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Spacing between elements of a Monopulse Feed, 
showing the elements out of phase with each other. 
Each element Is represented by a delta function. 
The element pattern Is accounted for later. 




Fourier Transformed Difference Group Pattern. 



NOTES: 

1. X^SINCThetaJKCS/Lambda) ; Theta Is the angle 
left(— ), or r1ght(+), of the antenna's bore sight. 
'S' Is the spacing between the antenna elements. 

2. Rt +/— 90 degrees, SINCTheta) reaches It's 
maximum value of one. These two plonts are called 
the pattern's visible limits. They occur where 
X“+/-( 1 )x<S/Lambda) on the transformed pattern. 

Figure 8 Theoretical Difference Group Pattern. 
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Figure 9 Theoretical Sum Pattern. 
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Figure 10 Theoretical Difference 
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Figure 11 Bilateral Fin— Line. 
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SLOT LINE IMPEDANCE (ER=10.0) 
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Figure 12 Slotllne Impedance. 
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Figure 13 Slotline Wavelength. 
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Figure 14 Normalized Coupled Slotllne Impedance. 
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Figure 15 Original Fixture Design. 
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This data was taken on an HP 8409B 
Vector Network finalyzer at 10 GHZ. 



This matrix Is corrected for uneven 
transmission line lengths caused by 
launcher placement and fixture design. 
10 degrees is added to port-1, 84 
degrees Is subtracted from port-3 and 
22 degrees Is added to port-4. The 
corrections are uniform throughout the 
mat r 1 x . 



ure 16 S-Matrlx for Magic-Tee Number Two. 
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This data was taken on an HP 8409B 
Vector Network Analyzer at 11.4 GHZ. 



This matrix Is corrected for uneven 
transmission line lengths caused by 
launcher placement and fixture design. 
106 degrees Is added to port-1, 122 
degrees Is added to port-2 and 180 
degrees Is added to port-3. The 
corrections are uniform throughout the 
matr 1 x . 



Figure 17 S-Matrlx for Magic-Tee Number Three. 
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Figure 18 SI l Phase and Magnitude for Magic-Tee Three. 
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MAGIC-TEE (3) PORT- l TO PORT-2 




MAGIC-TEE (3) PORT-1 TO PORT-2 




Figure 19 S12 Phase and Magnitude for Magic-Tee Three. 
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MAGIC-TEE C 3 ) PORT-1 TO PORT-3 




Figure 20 S13 Phase and Magnitude for Magic-Tee Three. 
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MAGIC-TEE (3) PORT- t TO PORT-H 
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Figure 21 S14 Phase and Magnitude for Magic-Tee Three. 
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MFIGIC-TEE (3) PORT-1 TO PORT-2 




MAGIC-TEE (3) PORT-1 TO PORT-2 





Figure 22 S21 Phase and Magnitude for Magic-Tee Three, 
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Figure 23 S22 Phase and Magnitude for Magic-Tee Three. 
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MRGIC-TEE (3) PORT-2 TO PORT-3 




MAGIC-TEE (3) PORT-2 TO PORT-3 




Figure 24 S23 Phase and Magnitude for Magic-Tee Three, 
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MAGIC-TEE C3) PORT-2 to port-4 



UJ 

a 

i 

CM 

V) 




0000 . Q00 



■400.0000 MHz^OEV 



1 2 000 . 000 






MAGIC-TEE (3) PORT-2 TO PORT-4 




6000 . 000 



•400.0000 MHz.'OrV 



12000.000 



ta 



Figure 25 S24 Phase and Magnitude for Magic-Tee Three. 
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magic-tee: C 3 ) PORT-1 TO PORT-3 
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Figure 2B S31 Phase and Magnitude for Magic-Tee Three. 
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tgure 27 S32 Phase and Magnitude for Magic-Tee Three. 
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Figure 28 S33 Phase and Magnitude for Magic-Tee Three. 
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MRGIC-TEE C 3 ) PORT-3 TO PORT-4 




MRGIC-TEE ( 3 ) PORT-3 TO PORT-1 







Figure 29 S34 Phase and Magnitude for Magic-Tee Three. 



98 



MRGIC-TEE C 3 ) PORT-1 TO PORT— 1 
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Figure 30 S41 Phase and Magnitude for Magic-Tee Three. 
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Figure 31 S42 Phase and Magnitude -for Magic-Tee Three. 
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Figure 32 S43 Phase and Magnitude for Magic-Tee Three, 
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S22-DB LOSS 



MflGIC-TEE: (3) PORT-1 TO PORT-*) 




i 



MAGIC-TEE C 3 ) PORT-1 TO PORT-*) 




0000.000 



*100.0000 MHz^DIV 



1 2000. 000 



Figure 33 S44 Phase and Magnitude for Magic-Tee Three. 
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Figure 34 Fin-Line Monopulse System. 
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Figure 35 H-Plane Element Pattern. 
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Figure 38 E-Plane System Pattern. 
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Figure 37 H-Plane System Pattern. 
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Figure 38 Simulated Sum Pattern. 
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Figure 39 Simulated Difference Pattern. 
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Figure 41 Dual Plane Fin-Line Monopulse System, 
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